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Foreword 



This assessment culminates BTA's examination of the technical, ecdribmic, 
arid social issues surrounding the spread of programmable automatiori in manufac^ 
turirig. Its genesis was a public workshop in 1981 on robotics that resulted in 
the OTA Background Paper entitled Exploratory Workshop on the Social Implf- 
cations of Hdfcbt/cs [February 1982^. The assessment was requested by the Joint 
Economic Cdrrimittee^ the Senate Committee on Labor and Human Resources, 
the Senate Committee on Commeree,JScience, rad iVansportation, and the Sub^ 
committee on Labor Staridards of the House eommittee on Education and Labor. 
It was endorsed by the House Committee on Science md Technology, the assess- 
ment looks not drily at rdbdts but also at related computer-based technologies 
for design, productidri, arid riiariagerrierit. 

The t^hnologies of programmable automation, theii Uses, and future capabili- 
ties are described in this report. The assessment goes beyond techndlo^ descrip- 
tidri td characterize the industries producing and using piograiriiriable autoriia- 
tidri arid td discuss the ramifications of the technojogies for industrial structure 
and cdmpetitive conduct. It pays special attention to three labor-related areas: 
the poteritial fdr employriient change,_effects on the work environmerit, arid im- 
plicatioris fdr edUcatidri arid training. Preliminary work in those areas, iricludirig 
conceptual discussions arid background material, was published in the OTA tech- 
nical MemoraridUm erititled Automation Bnd. the Workplace SBlected Labor, 
Education, and Training Issues IMarch 1983). Since the development and sale of 
programmable autdmatidri have been international phenomena since at least the 
1960's, comparisons betweeri this couritty arid others are made as far as data 3tow. 

A wide rarige of sources contributed to this assessment. While GtA drew on 
existing literature arid conferences, it also developed its own information through 
workshops dri labdr rriarkets, programmable automation technologies, and pro- 
grammable autdmatidri (producer) iridustriesi and through informal site visits and 
consultations. Eighteeri case studies, iricludirig 4 on the work environment and 
14 on education and trainirig prdgrams, arid a survey of education and training 
activities commissidned fdr this assessrrierit were particularly rich sources of data. 
Case study material will be made available iri a companibri volume. 

OTA is grateful for the assistance of the assessment advisory panel, wdfkshdp 
participants, cdritractors, arid many others who provided advice, informatidri, and 
reviews. The cdoperatidri of individuals at case study sites, who accommodated 
lengthy site visits arid folio w-uffc consultations, is especially appreciated. OtA 
assumes full respdrisibility fdr this assessment, which does not necessarily repre- 
sent the views df iridividUal rrierribers of the advisory panel. 
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Chapter 1 

Sum mary 



Computer tecknoiogy offers new opportuni- 
ties to enhance and streamline manufacturing 
processes. Many industry observers believe 
that computerized manufacturing automation 
will help troubled tJ.S. manufacturers become 
more productive and competitive. At the same 
time, this new wave of automation is raising 
concerns similar to those that, acebrhpanied 
the first wave of automation techribldgy in the 
1950 s mid^ i960's. Will the new technologies 
put a significant number of people but of 
work? Will their introductibh ••dehumanize" 
the work ehvironmBht fbr those who remain? 
And how-can the United States best prepare 
its education and traihihg system to respond 
to the growing use of cpmputerized manufac- 
turing autbmatibri? 

Though mmiufactunng automatibh tech- 
nologies can be applied in a wide range of ih- 
dustnes. the focus of this report is the applica- 
tion of programmable automatibh (PA) in dis- 
crete manufacturing— the manufacture of dis- 
crete products rahgihg from bolts tb aircraft. 
Most traditional metalwbrkihg industries fall 
V ' ill tins category, althbugh bther materials (e.g., 
\ plasties, fiber composites, ceramics) are iri- 
\ creasihgly impbrtaht parts bf discrete manu- 
\ facturihg as well. Discrete manufacturing 
^ plants are bfteh characterized by the quanti^ 
\ty bf a product which they produce, ranging 
frbm mass production of hundreds of thou- 
4arids of products, to batch production of a few 
dozen or a few hundred, to custom production 
of a single item. Because of its ability to per- 
form a variety of tasks, programmable auto- 
mation is usually associated with bateh^prb- 
duction. However, it has been used extensively 
in ma|s production, and it could be useful in 
^ ' custoi|i production as well. 

PA jtbbls differ from conventional autonia- 
tioh fn-imarily in their use^of computer £md 
communications technology. T^^ 
ab}^ to perform information processing as well 
as physical work, to be reprogramed for a vari- 



ety bf tasks, and to cbmmUnicate directly with 
other computerized devices. PA is divided into 
three general categories: 1) computer-aided 
design; 2) cbmpUter-aided manufactiiringje.g., 
rbbbts, cbmpUterized-mactune tools, flex^^ 
mahUfacturihg syst^s); and 3) computer-aided 
tecljniques-for managenient (e^g., ma^^ 
information systems and computer-mded plan- 
ning)'. When used together in a system wt^^^ 
extensive computer-based coordination^ these 
tools are known as computer-integrated man- 
ufacturing. 

_ Three principal themes have emerged from 
OTA'S study: 

1. Programmable automation is an impor- 
tant and powerful set bf tools, but it is 
not a panacea for problems in manufac- 
tunng. In part because of historic U.S. 
strengths in rhahufacturihg, and because 
the prestige of mahufacturirig erigineer- 
Lhg is Low relative tb other engineering 
fields, U.S. cpmpaiiies have devoted rel- 
atively little effort to improving manufac- 
turihg processes in the past f^w decades^ 
This neglect must be remedied in order to 
realize the full benefits of PA. In addition 
tb using automation, oth^er stg)S that 
need consideration by mmageme^^^^ in- 
clude redesigning prodiicts for more effi- 
cient production, minimizing inventory 
levels, and improving job design and labor 
relations. * 

2. The change in^ national employment in- 
duced by programmable automation will 
not be massive in tfie near term (i*e., the 
remainder of the lOSO's). Althbugh the 
rate bf appEcatibh is accelerating^ ag^e- 
gate use will still be relatively limited for 
the rest^of this decade. Alsb, the capabili- 
ties bf PA remain imrnature. Depending 
bh macrbecohomic cohditioris, use of auto- 
matibh can increase without significant 
growth in hatibhal Unemployment. How- 
ever, PA will exacerbate unemployment 
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problems for individiials and regiphs. The 
potential long-term impact of PA dri the 
number and kind of jobs aymlable is enor- 
mous, and it is essential that the Federal 
Government,^ educational institutions, 
and industry begin to plan with these con- 
siderations in mind. 
3. The impact of programmable automation 
on the work enyirbnment is one of the most 
significant, yet largely neglected issues. De- 



pending oh how it is designed and used, 
PA can substantially change the nature 
OTtd organization of the manufacturing 
workplace, and consequently influence 
levels of job satisfaction, stress, sidHs, 
and productivity, the Federal Govem- 
meht has traditionally had a role in work- 
place cdhceriis, and could tak^ action to 
help ensure that the work environment eP 
fects of PA are favorable. 



Principal Findings 



the technologies 

This report emphasizes five of the PA tech- 
nologies. Computer-aided design (CAD) in its 
simmer forms is an electronic drawing bom-d 
for draftsmen and design engineers. In its 
more sophisticated forms CAD is the core of 
computer-aided engineering^ allowihg engi- 
neers to analyze a desigp and maximize a prbd^ 
uct's performance using the computerized rep- 
resehtatibh of the product. 

Industrial robots are rnanipulators which 
can be programed to rndve objects along vari- 
ous paths. Though robots receive a great deal 
of popular attehtidh, they are only a smffl part 



Photo crodit: Cfncfnnatf Mflacron Corp. 
An engineer using a cdrhputer-alded design system 



of the family oi PA tools. Numericaily con- 
trolled (NO machine tools are devices that cut 
or forrn a piece of metal according to prb- 
^amed instructions about the desired dimeh- 
sibhs of a part and the atepsjbr the process. 
Flexible manufacturing systems (FMSs) cam^ 
biiie a set of workstations (usually NC rriachine 
tools) with robots or other devices to move ma- 
terial between workstations, and operate 
under central computer cbhtrbl. Finally, the 
use of PA tools for design, m^ufactUring, and 
management in ah ihte^ated system, with 
maximum cobfdihatibh and communication 
between them, is^ termed computer-integrated 
manofacturiiig (CIM). 

the advantages of PA formanagerheht^lie 
primarily in its ability to facilitate information 
flow, coordinate factory bperatibhs, and increase 
^ efficiency and flcMbility. Further, the technol- 
* o^es promise an increase in management 's de- 
gree of control bver bperatibhs. The more closer 
ly tied mahufacturihg processes are to one 
another, and the mbre infonhatidn about those 
processes is readily available, the less chance 
there is for hurnah OTbr dr discretion to cause 
problems. Hdwever, this drive tqwm-d in- 
creased cdhtrdl can alsd reduce qppoi^unities 
fbr cbhstructive worker input and degrade the 
wbrk ehvirdriment. 

Each of these technolo^es is in a relatively 
early stage of development, and even earlier 
stages df application. Robotics is well estab- 
lished only for spot welding, spray painting, 
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and some materials Handling uses; NC^ ma- 
chine tools and CAB are somewhat more ma- 
ture technically, although there are still many 
unsolved problems. FMS and CIM are very 
young: virtuallj' every application is a proto- 
type.. As systems, their potential benefits and 
problems are much greater than those of 
stand-sQohe automatidh equipment. Because 
of their complexity, the implementation of in- 
tegrated automatidh systems requires exten- 
sive plahhihg and support. 

Thoagh current tecfinolb^ is adequate for the 
vast majonty of near-term us^, the level of pen- 
etration of PA into possible applications is rel- 
atively low. Technical factdrs that tend td slow 
the fate of adoption of PA techridldgies include 
its cornplexlty, the lack of standard prdgrani- 
ing languages and interfaces between PA de- 
vices, and problems in **humah factors" (es- 
sehtially,_ the system's ease of use). A wide 
varietjLof ndhtechnical factors also affect the 
use of PA, ihcludihg the availability of cajiital 
and khdw-hdw, organizational resistance 
change, arid the availability of appropriate ed- 
ucation arid training programs. 

For various reasons, most riiariUfacturers 
choose to apply automatidh in a stepwise fash- 
ion, beginning perhaps with drie dr a small 
number of robots, CAD terrilinals, or NC ma- 
chine tboLs. Thdugh in riiariy cases these 
* islands of autdrriatidri" can result in produc- 
tivity arid quality imprdvements, the full ben- 
efi_ts_^f PA are drily reaUzed when these de- 
\aces are co^ into eui integrated system. 
Such iritegrated systems are more than the 
accurilulated substitution of PA^ tools for 
hurriari workers or for^ther machines; they 
dfteri involve redesigrang the product; dr 
streamlining the production process ij; self 
best make use of PA. Because an iritegrated 
system can produce more products riidre 
quickly than other mahufacturirig schemes, 
mfflnufactufers can reduce their irivestriient in 
finisheiproduct arid wdrk-iri-prdcess inven- 
tories. These and other riiaterials savings are 
often more significant than labor savings in the 
use of prbgrariiriiable automation systems. 
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Researchers are working to increase the ver- 
satility and power of PA tools, to enhance 
their capability to operate without human in- 
terventioii, and to develop the ability to in- 
tegrate the tools. While there haa been prdg^ 
ress in virtually aH key technical areas, the 
problems are sufficiently numerous arid cdrii- 
plex to keep researchers busy for riiariy years 
to come. An analysis of expected trends in the 
technologies indicates, however, that riiany im- 
portant technical advances in program 
automation are expected in the 1990's (see table 
1). 

Though there is much discussion of un- 
manned factories," ©cperts differ about wheth- 
er the removal of virtually SI humans fi^m the 
manufacturing process is necessary or desir- 
able. Some express concern that manufactur- 
ers will be preoccupied with removing huriiarii 
from the factory floor at the expense of move 
practical and cbst-effective irriprdveriierits iri 
manufacturing processes. Iri any case, each 
factory has peculiar characteristics which call 
for different levels of automatidri. Fdr some 
factories it has beeri possible td run machine 
tools at night with drily drie person in a coii- 
trdl rddrii. For at least the next iO to 15 years, 
discrete numiif acturirig factories operating with- 
out prbductidri workers (i.e., with only a few 
managers, designersTfind troubleshooters) will 
be drily a remote possibility. 



Employment Effects 

Progranunable automation is not likely to 
generate significant net national unerriplby- 
ment jri the near term, but its use may exac- 
erbate regional unerhplbymeht prbblems, es- 
pecially in the East North Central arid Middle 
Atlantic areas where rrietalwbrkirig iridustries 
are cbhcehtrated. 

The level of autbrhatibn in mariufacturihg 
is one ofmany factors that irifluerice industrial 
employment. In particular, it shbuld be recdg: 
nized that emplbymeht in ari industry is a strdiig 
function of the vblume bf prbductidn, Technol- 
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tabie i.— Programmable AutbmatlbniSelecled Projecllons for Solation of Key Problems 

(excerpts from tables 11-15«— of fuTl report) 



Current (1984) 



-nuter-feased 



1j Lbw-cbst. powerful micrdcor 
workstat Ion s f or:^ 

a) electronics d_e_sJa^n 

- b) mechanical design _._ 

2) 3'D vision Jh structured environments 
which have been planned to simplify the 

visJOn task ^ . . ^ -_ - l 

3) 3»D vision In unstruct.ured cp_m|3lex 
eilvirdhmeiits which have not been 
planned to simplify the vision task : 

4) FMS for:'^ 

aj cyijnd r_ic aj .parts prpduc t ion 

b) sheet metal parts production 

c) 3-D mechaiiical assembly : : 

dj electronics assembly . . 

5) S i an d ardizatj p n o f i n t erf ac e s be t wee n 

wide range of computerized devices in an 
integrated factory . • 

6) Cornputerized factories which coQid ran 
on la dayjto-d ay basr s with bh ly a few 

people in manage ment, desig^n functions . ^ 

5MicrocbmpiJter-t»5ed workstati5n5 f5r CAD.ata nQw^lfiamarKetod. but in We judgment of technical experts consulted by OTA. they are either not powerful enough 
The proiections in this entry refeMo FMS for quite dlff§f§nt ^ppllc9UonsLa)_machJning of -Cy-'J-nd.ric_aLp.art3,3UCh as/otprs and dr^^^^^^^^ 

in Sfnino iarS)h s^^ are Qenaraliv^jnBde dn Jalhea)- b) stamping and bending of sheet metal parts, such as car body panels:-c) awembly.^s opposedio 

^^cImZ Ii SidurPartsTot Ihre^d^ensional products such as motors; and d)-aS6embi-y-of electronic devdcas.such aa_clrcull t^QardS- Whil^ "^^^.^^ne^s^c^urr^DH^^ 
?x.sMql^:?o^^^^ parts Into circuit boards, an electronics FMS would Integrate the Insertion devices with soldering and testing eqolpmenl. 

A solution in laboratories. 

• - first commerciaLapplidatibos. _ . . ; 

■ - solution widely and easily available (requiring minimal custom engineenng for each application). 

SOURCE OTA analysis and corripiiatiori of data from technology experts. 



1985-86 



1987-90 



1991-2000 



2001 ahd- 



dgy is a secondary influence that governs the 
mix of people, equipment, and materials 
needed to produce a given ambunl of product. 
Hence, although PA is labor-saving, the £^gr^ 
gate^number of jobs in ah economy must be 
examined ih±he context of overall ecohpmic 
conditions. These cbhditiohs include short- 
te^m business cycles as well as Idrig-term 
shifts in the strengths and structures of dif- 
ferent industries, plus levels of imports and 
exports. Thus, the favorable effects of PA on 
industrial ebmpetitivehess may help to in- 
crease demand for labor or help to avert job 
losses that could occur in its absence. 

' Evaluating the. erhplbymerit effects of PA 
poses serious analytical problems. There are 
shortcomings in current approaches f or this 
analysis, and data available support only infer^ 
ehces as to the general directions of likely oc- 
cupational and industry employment change. 

Employment change wiU depend on a series 
of complex effects on jobs. Those effects will 
be realized as changes in the tasks that peo- 



ple will do, changes in the requirements for 
skill, and changeis in the ways managers agg^^ 
gate tasks into jobs jmd assign them to peo- 
ple trained for different occupatiohs. The_ scbpe 
of change may be neither obvious hbr irhme- 
diate^ecause PA wiH often be accbmpahied 
-bv^imificant transformatibhs bf mahufactUf- 



Sig orgmSatibh, prbduetibh processes, aiid/dr 
product design. The more extensive such 
transformatibhs, the broader the set of peo- 
ple affect€«i by the ihtrbductidn of PA, and the 
harder it is tb attribute employment effects 
tb PAi per se. 



_*Ghahge in skill requirements will often re- 
flect a shift from mahual to mental work.^ In 
mahy cases, PA will lower tfce tirne required 
for people to become proficient^t a task, and 
it may lower the amount of judgnient nee 
At the same time, it mR^ lead to a reqmrement 
for general knowledge of several tasks, brbad- 
ening the mix of skills needed. For example, 
it is likely that PA maintenance persbnhelwill 
need to know how to solve mechanical, elec- 
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trical, and electrdhic problems rather than one 
class of problems alone. 

The fewer the tasks coihprisihg a job, the 
more likely it is that prbgraihinable auibmia- 
tibn can eliminate the heed fbr a given jbb. For 
example, spot welders who only do spot weld- 
ing, are more likely to be displaced by spbt- 
welding robots than if they do other tasks as 
welL However^ PA offers new pbtetitial for 
cbrhbihihg diverse tasks ihtajbbs instead of 
fragmehtihg work ihtb harrdwly defined jobs, 
as has historically been asscxriated with rnech- 
ahizatibh. It raises the prospect of a tradeoff 
between larger numbers of narrowly defined 
jobs and smaller numbers of more broadly 
defined jobs. \ 

_ A major influence oh emplbymentis the sup- 
ply of labor, which wiH grow rhbre slbwly dur- 
ing the next decade or so, in large part bbcause 
of slbwer growth bf the pbpulatibn and ah in- 
crease in the average age. The supply bf 
younger wbrkers will decline, diiriinishihg cbrh- 
petitibh fbr entry-level jobs, while the prbpbr- 
tibh and number bf prime-age wbrkers (25 to 
54 years) will grow. , 

From early indications, it appears that PA 
will cause the following brbad, Ibhg-term 
, trends in occupations: , , 

• demand fbr ehgiheers ahd_cbmpiitet,scieii=-- 
tists, technicians, and mechanics, repairers, 
and installers oh the whole will rise— 
although specific pccUpatidhs (e.g., draft- 
ers) will face diminishing dppdftunities; 

• demand for craftwbrkers (excluding me- 
chanics), operatives, and labdrers---esp€cial- 
ly the least skilled doing the most routine 
work— will fall; 

• demand for clericai personnel will fall;^ and 

• demand for upper-level nianagers and tech- 
nical sales and seryice^ personnel will rise, 
although lower- and middle-management 
opportunities among users of PA may 
fall. 

Table 2 Hsts 1986 levels of emplbymeht fbr bc- 
cupations most likely to experiehce chahges 
in demand. Taken tbgether, these effects sug- 



gest major shifts in the occupatibnal mix of 
memufacturing industries, especially rhetal- 
working. Gverall, the salaried or white-cbllar 
work force will constitute a larger prbpbrtibh bf 
manuf actming empLo3rmeht, although it is hbt 
clear how htuch their ranks will grow in absb^ 
lute terms, PA producers especially are like^ 
ly ib employ relatively few prbductibh persbh- 
hel; their situation rhay signal future patterhs 
ambhg bther firms ahd industries. Cdhse^ 
quehtly, there. wiD be few bpportuhities fbr peo- 
ple displaced frbm other mahufacturihg indus- 
tries to mbye into jobs among producers of auto- 
mated equipmeht and systems. 

in ii^any ways, the shifts in oecupatibhs will 
not be stfaightfbrward. Some skills rnay bhly 
be required temporarily, after techhblbgy Has 
been ihtrbdueed but before further autbrhatibh 
is achieved. Fbr example, when aUtbrhated 
equipmeht is used ih isolated applicatibhs, 
there rhay be many heeds for prbgrarhihg. But, 
the ihtegratibh of design with prdcess plan- 
hihg ahd prbductibh systems reduces the need 
for prbgramihg, as does the develdpment bf 
stahdard, easy-td-Use sdftware packages. 
These "shdrt-term" phenomena may persist * 
fdr many years, making it hard to plan for 
Idhg-term employment change. 

The effects bf PA qxl cbrhpehsatibh patterhs 
are ambigubus, partly because hiuherbus other 
^hshges are becurrihg ih the ecbhbrhy. Over 
the past decade, there appears tb have beeh 
ah erbsibh bf mediUrh-wage jobs, a nd c lUster- 
ihg bf jobs at bbth high- and Idw-wage levels. 
Ahalysts attribute this iii part td the prolif- 
eratibh bf low-wage service jobs, and in part 
tb grbwihg separatidh of administrative and 
prdductibh functions in manufacturing. PA 
will likely stem the latter trend by helping to 
integrate administrative and production activ- 
ities. (Dther developments, such as slower 
growth in tlie labor force participation of 
women (who filled the bulk of the hew, low- 
paying service jobs created in the past decade), 
may also serve to alter past trends. 

Finally, cbmpehsatidh patterns wiU depend 
bh the lehgth of the average wdrk week. When- 
ever it appears that there may not be enough 
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Table 2.— 1980 Employjnerit for All Mahufactufing indastrles; 

Selected PA-Sensltive Occupations 



Number 



Engineers..... 579.677 

Electrical ^IrAl 

industrial:::;: ^1.442 

Mechanical ...::::::..: 122.^28 

Engineering and science technicians --^'-^i 

Drafters.......... "'l^'^^S 

NC tool programers,. ^^-^^i 



Computer programe 



42,404 
5,165 



Computer systems analysts 
Adull education teachers . . 

Managers. Qfiicjajs, and proprietors o'oqt'ovq 

Clerical workers . Toqqzt 

Production clerks lll'^L 

Craft arid related workers: : :..... 'loi ni 

Eiectricjans ^ ....:::::::... . ^26,0Q1 

Maintenance mechanics and repairers .... 3!1.524 

Machinists, tool and die makers c^E 

Inspectdrs and testers o l^f 

Operatives.,, ...:::::.:........... 8.|45,318 

Assemblers. ^ I'^Tn IS 

Melalworking operatives 'tlnlnl 

welders and flamecutters hvh 

Production painters: . : i^l'lh^ 

Industrial truck operators ::::::::.. - f^fl^^ 

Nonfarm_Jabo_rers • • ^ inn'7eo 

Helpers, trarles ]nAoni 

StockhandJers, order fillers ^t't^t 

Work distributors .::::.. l^^lt 

Conveyor operators . ... . ::: :::::.. '^oa 

NOTE: Data pertain to wage and salary workers 



Long.tertn direction 
Percent of change 



2.85 
Q.85 
0:35 
0.60 
2.16 
0.57 
0.05 
0:29 
0.21 
0.03 
5.87 

11.28 
0:69 

18.51 
0.62 
1.92 
1.75 
2.64 

43.44 
8.16 
7.22 
1:97 
0.52 
1.32 
7.74 
0.49 
0:51 
0.08 
0.15 



+ 
+ 



? 



+ 
+ 



SOURCE:. Bureau of Labor Statistics, 
pubiishea data. 



Employment by Industry and Occupation. 1980 and Projected 1990 Aiternatives,' 



jobs, or enough weil-payingjobs. to occupy 
job-seekers, it is often proposed tfiat average 
work hours be reduced to allow more people 
to hold jobs. However, the average work week 
cahhdt necessarily be reduced without lower- 
ing the real wages per employee. 

In Hgfit of the attention given to the Japa- 
nese, who use PA extensively and who have 
expanded prbductidii, it is instructive to see 
how their work force has been rffected. Japa- 
nese companies have displaced labor, biit 
displacernerit has often been masked by shift- 
ing relationships between manufacturers and 
suppUers, and by selective layoffs that affect 
primarily female, middle-aged, and older per- 
sonnel. 



Work Environment 

Application of computers to the mahufac- 
turihg workplace of fers a range of options for 
organizing work in ways that will enhance the 
workplace. PA, in particular^ provides the po- 
tential to achie^ abetter balance between the 
ecoridmic considerations that detenniiie tech- 
ridldgical choices anithe social cdrisequences 
of those choices^ tfce workplace. Although 
mstoricaliyU^S^manufacturershave teiidedto 
place a lower priority on work environment 
issues, there is a growing awareness among man- 
ufacturers that attention to the work environ- 
ment ultimately Has payoffs in productivity. 
Work ehvirbnmerit issues maj become more 
important to the public, meanwhile, as chang- 
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irig employment patterns reduce 
hities for personnel to move out c 
tdry manufacturing jobs into oi 

The various forms of PA have 1 
and negative effects on the safet 
of workers. The introduction of p: 
automation will create new situa 
petuate old ones, that have negjati 



A "machining cell," consisting of c 
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is on the work force. Two of the prin- 
scts i^JB boredom and stress. Bbreddm 
js in the autbmatai workplace can 
1 the characteristics of the design of 
niccd system and work drganization, 
3 from such factors as lot size and the 
f the product manufacturjBd. In sites 
OTA work enviromnent case stud- 
Its evident that both FMSs and NC 




Pholo credit: Cincinnati Mllacron Corp. 



tools, mariufactures printing press parts 
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machine tools can cause boreddm when there 
is no immediate heed for operator intervention 
and application of problem-solving skills. In 
addition, skilled NC operators who did not 
write programs reported that operating an NG 
machine was significantly less challenging 
than operating a conventionai machine. 

Work-related stress is a significant feature of 
computer-autbinated workplaces. Stress is asso- 
ciated with working oh very cbmplicated, ex- 
pensive^ and highly ihtegrated systems, and 
with lack of autonomy at work, extending in 
some cases to computerized monitoring by 
managemeht. The cdmbinatidn of the coinplex- 
ity of the system and the pressiire to minimize 
downtime because of the high cost of lost pro- 
ductioh adds up to substantial stress for some 
maihtehahce workers. Although each situation 
is different, excessive boredom and/or stress 
can often degrade the productivity of individ- 
— ual workers. 

0n the other hand, the ihtrbductidn of pro- 
graihrnable autbmatibh tends tb have a favor- 
able impact on the physical stuToundings of 
work. For ihstahce, robots are amenable to 
hazardous tasks in environments that are un- 
pleasant and unhealthy for workers. However, 
certaih precautions are necessary to avoid 
potential new safety hazards. In response to 
concerns about rqbo^ safety, groups in the 
United States^ Western Europe, and Japan are 
providing guidelines for the safe use bf rbbbts. 

Since the ihtrbductidn df PA will increase 
the number bf wdrkers using video display ter- 
mihals (VDTs) and reduce the number operat- 
ihg prbductidh machinery, the concerns that 
are currently being rmsed about potential 
» VDT hazards apply to a whole new Bet bf 
wdrkers, including CAD operators. Although 
there is no evidence that VDTs emit unsafe 
, levels of radiation or that VDT use is hazard- 
ous toj^lsion, increased Btress leyelsjlue^^^^ 
prolonged use of VDTs have been repbrted, 
and further study of the long-term effects bf 
V15T use is necessary. 

Overall, the potential physical hazards appear 
tb be more amenable to solution than some bf 



the psychological ones because they are more 
easily recognized ind less subject tb the subtle^ 
ties of individual personalities; The reUef^^^b 
such symptoms as bbreddrh and stress is more 
difficiUt, because th^ are hot well \inderstqod 
and are often corhplicated by other factors not 
related tb the workplace. Depending onjiow 
tasks iure arTMged ahdibbs desig^ied, prograoa- 
mable autbmatibh has the potential to decrease 
the ambuht bf aUtbhbmy, control, and chdlenge 
available tb the worker, or it can mcrease vari- 
ety and decisionmaking opportunities. 

Management's strata and mbtivatibhs f or 
introducing programmable automation are key 
in determining its impacts. In addition, the na- 
ture of labor-mraagement relations will affect 
the implementation of new technology and its 
consequences for the work ehvirbhmeht. In 
wori envifohihehts that are becoming more 
and more aatbrnated, mahagemeht is likely to 
seekinereasihg flexibility ih depldyihg work- 
ers. This will be reflected in collective bargain^ 
ihg demands from management for changmg 
wbri rules, ih return for union demands for 
such erhployee behefits as job seciirity. Fqr^ 
mal labbr-niahagemeht cooperation m solving 
wbrkplace problems has been growing in the 
United States. Where successful, these partic- 
ipative arrangements are likdy to have a pos- 
itive influence on the effects of new technology 
in the workplace^especiaHy in the areas bf jbb 
design, changing skills, and training. 

In Europe and Japan, mechanisms for deal- 
ing With workplace concerns have: geherally 
beenjippUed to the ihtroductibh of hew tech- 
nology, in many caaes laws specify how such 
intrSuction is_to be handled. For example, the 
laws of West Germany, Norway, and Swede^i 
provide for wbrJcer ihvolvemeht in technolog- 
icei change, and labbr is routinely represented 
on corporate bbards. It is important, however, 
to point but that the culture and traditions of 
Europe and Japan regarding^ attitudes and 
practices in the workplace diffei^from those 
of the United States, esjgecially in the OTea of 
labbr-mahagement relations. These differences 
limit the transferability of foreign practices. 
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Education, Training, and 
Retraining Issues 

Programmable automation is one of a num- 
ber of forces that wiH reshape instructional 
services ih the United States in the year^ 
ahead and create new demands for high-qual- 
ity education, training, and retraining pro- 
grams, as well as career guidance, job counsel- 
ing, and placement services. 

A prerequisite of PA-related instruction of all 
types is a strong foundation of basic skiHs— par- 
ticularly reading, science, and math. The high 
level of functional illitera<^ in the United States 
population is a jnajbr barrier to developmeht of 
PA-related skills. Basic skills deficiencies have 
already surfaced as a problem ih retraihing 
some displaced mahufacturirig workers for 
jobs working with PA. 

Analytical and problem-sblvirig skills are in- 
creasing in importance for some skilled trades 
personnel and technicians, as well as other 
occupatibnal groups cbmmdn to automated 
facilities. Many who work with PA find them- 
selves using conci^tual skills more than motor 
skills. However, it is uncertain to what extent 
PA will require a substantial increase in the 
aggregate level of problem-solving and concep- 
tual skill. As noted^ earlier, choices for im- 
plementing the technology can result in wide 
variatjons in worker input and control, and 
consequently a range of skill requirements. 

Deveiopinent of multiple skills and the ^^cross- 
training" of workers jto perform a variety of 
functions on the shop floor are emerging instnic- 
tlbhal requirements for automated facilities, 
although not reflected as yet in many estab- 
lished instructional programs. Beyond acquir- 
ing a fainiliarity with PA. engineers in auto- 
mated facilities need to develop an under- 
standing of the entire design-to-manu^fac^unng 
process and of how computedzed equipment 
may be integrated widi other maclunes and 
people for ma^dmum efficiency ratd productivi- 
ty. Continued industry pressure for more ef- 
fective technical managers may well lead to 
^eater emphasis on the development of rnah- 
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agement skiUs in industrial engineering and 
computer science education programs. 

There is an immediate heed for retraihihg and 
job cbiihselihg progrskms geared to the unique 
needs of displace workers. In the past, many 
programs for displaced workers have failed to - 
assess their existing competencies and provide 
oppbrtuhities to strengthen basic skills. As a 
result, participation rates have been low and 
dropout rates high in such retraining 
programs. 

Ongoing changes in workplace akill require- 
ments attributable to jprogrammable automa- 
tion and other factors pbiht to the need for ef- 
fective educatibh and career guidance services 
fbr youth and adults. Individuals heed access 
to current, reliable labor market information 
ih order to make informed career choices and 
to pursue appropriate avehUes of occupational 
preparatidh. The potential for frequent job 
change within the same economic sector or 
across sectors suggests that the numbers of 
adults seeking job counseling and placement 
assistance wiU increase dramatically in^ tjie 
years ahead. At present, there «i^e few programs 
that provide these ^Idnds of education and career 
guidance service to youth and adults on an 
ongoing basis. 

While some institutions and organizations 
are providing PA instruction that addresses 
current skills requirements of computer-autq- 
mated fadhdes, there are as yet no standard 
approaches to curriculum. A common chaffac- 
teristic of successful programmaBle automation 
instructional programs examined by was 
close cooperation and collaboration ambhg 
educators, industry, labor, and goverhmeht ih 
assessing heeds, deveibpihg ciiriicula, and bther 
activities. 

On the whole, the U.S. instructional system 
iiiay hot how be able to accommodate the^oten- 
tial demand for PA-related sWlls, which may in 
turn affec^ the rate of growth in 

^y*??-.^^?^^®^:^^ technical instructors, state- 
of-the-art equipment and other resources are 
major problems for aH segments of the instruc- 
tional system, including industry-based educa- 
tion and training. 
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Prograihihable Automation Industries 

While PA industries vary in size, there ap- 
pear to be several hundred vendors jn all. PA 
firms range from srnall companies supplying 
products to rrieet spedaUzed market niches, 
to autbmat|oh ''supermarket'' firms that of- 
fer multiple forms of PA. Many PA vendors 
are so-called turnkey firms, which package 
compbhehts madiB by different compmnes with 
software and other features into standard or 
customized systems. Small, innovative firms 
have played a key role as PA producers. 

GAD, NC, robots, and other PA equipment 
and systems are sold by industries that are 
more or less separate. NC is the oldest^d 
largest, industry, dating from the 1950's. 
While CAD and robots were available £y the 
1960 s, significant markets for them did not 
emerge until the IBTOs. Markets for other PA 
products also began to flourish in the 1970's. 

Although they grew slowly during the 
1966's and early 1970's, prograirimable a.*to- 
mation markets grew rapidly in recent years and 
are expected to continue to do so. Hence, it is 
hard to describe firms arid industries in endur- 
ing terms. Moreover, as individual companies 
expand their product offerings and move to 
offer cbriiplerrieritary products, a market ior 
CIM may ernerge. No one yet sells ''CIM;* as 
a total product, and some in industry contend 
that users are still pioneering the concept. 

' PA firms will affect the ecbriorny through 
their relationships with other industries as 
weUas thrbugh th^ role as employers. Much 
of their ecbribmic impact will be realized in^ 
directly, since their principal customers are 
other businesses that may use PA to improve 
their b\ra performance. ProgrmmnaBle autbma- 
tibn industries are likely to become increasingly 
important to the industrial base and national 
security of the Umted Statjw, Because of ind-^^^ 
ing dependence on programmable automatlb i 
both to enhance manufacturing productivity 
overall and to manufacture defense cquipitient. 

Gompetitibh ariibrig PA firms tends to cen- 
ter on software arid customer services rather 
than bri hardware features, this reflects 



growth in sales of PA systems (as opposed to 
single pieces of equipmentj. Indeed^ PA ven- 
dors often rely on outside sources j)f hardware; 
They are offering a growing number of pre- 
aiid pbst-sale services, including apptications 
erigirieeririg, training, maintenance, and soft- 
ware updates. 

Programmable autbiiiatibri industries are 
cbaracterizeiby High levels of interchange be; 
tween firms. Licehsing, outsourcing, mergers 
and acquisition, liriiited equity investments, 
and joint ventures are common, and often oc- 
cur between firms from different countries. In 
chis regard, PA iridustries are simUar to the 
overill irifonriatibn-processing and, electronics 
products iridustries. It is likely ^hat vertical 
integration will continue to be limited and <!o- 
bperative arrangement s will continue to be 
rnade because new products are mcreasingly 
cbriiplex, product changes occcr rapidly, and 
product development costs ara growing. In the 
long term, however, international crbss-fertili- 
zatiori may abate in favor of direct fbreigri 
investment, i 

In the near term, the growthuof domestic pro- 
ducers of PA depends on whether domestic eco- 
nomic conditions ere favorable to investment, 
and bri the abiUty of U^S. mraag^^^^ 
the necessary invesv^^^^nts. Anticipated reduc- 
tibris iri PA costs and growing understanding 
ariiorig managers of the potential benefits and 
costs of PA are likely tamake companies in- 
creasingly receptive to PA. In the long tenri, 
competition from fbreigh firms in dbriiestic arid 
foreign markets may constrain the growth arid 
size of prbgramriiable autbriiatidri industries. 
Companies frorh many cbUritries, often sup- 
ported by foreign goverririlerits, have been in- 
volved in PA developmerit and production 
since the 1960's, arid rnariy countries consider 
PA iridustries irnpbrtarit features of their 
economies. 



Research arid Development 

Both industty and government fund a broad 
range of research arid development jR&Dj iji 
prograriiriiable automation. This work is un- 
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dertakeri in industry, uiiiversity, arid gdverh- 
rtieht laboratories. 

Total Federal funding of automation R&D in 
fiscal year 1984 is budgeted at apprbximately 
$80 milKon, through four primary Gbverrimeht 
agencies— the Departhiiehr: of Defense (DOD), 
the National Aerbhaaties and Space Admin- 
istration (NASA), the National Science Fbuh- 
datibh (NSFl^arid the Natibhal Bureau of 
Standards INBS) (see table 3). R&D at both 
DDD arid NASA is strongly riiissibri-orierited 
(directed tbward a particular agency goal), arid 
it has limited applicability to cdnirii^dal man- 
ufacturihg. Mdre^erieric or basic work is con- 
ducted through NSF and NBS. 

DOD 's M ariuf acturirig T^hriblb^ Prbgrairi 
budgeted approxiriiately $56 millibri in 1984 
for work on aiitbrilatidri techiiblbgies that 

. Qbuld save money in defense mariufacturing. 

; Two other agencies within DOD, the Defense 
Advanced Research Projects Agency (DARPAj 
and the Office of Naval Research (QNRi. 
budgeted approximately $8 millioii for re- 
search in PA technqlo^es for yltim^ate use in 
both defense manufacturing rad J>attlefield 
application^. Though DOD work in program- 
Hiable automationjs not intejided to be widely 
appiicaBle to commercial manufBctoring, DOD 
sets themes for technology development in pro- 
grammable automation. It serves as ah informal 



Table 3.— Federal Funding of Research and 
Development In Prp^rammablo Autbmatron, 
Fiscal Year 1984 (dollars in millions) 



Military age/icies: 

Manafactaring Technology (ManTech) 

Prbgrarh $56:00 

Defense Advanced Research Projects 

. __Aaen_cy (PARPAj_._._^^. , . . . , 3.50 

Office of Naval Research (ONB) 4.10 

Military subtotal . $63.60 

Civil ian_agenclesi 

National Bareau of Standards (NBS). . . : . . $3.85 

NatlonaJ Aeronautics and Space 

Adriiihistralibn (NASA) 5.90 

National Science Foundation (NSF) 6.90-9.20 

Civijjan subtotal $16.65-18.95 

TotaL Federal fUridirig $80.25-82.55 

SOURCE: Office of Technology Assessment, 



cddrdiiiation point for Government agencies and 
defense industries. 

NASA's automation research cohcehtrates 
bh rbbbtic tools for use in space. The research 
prbgrarh is |m£Jl and focused bh techholbgies 
that are v^ry sophisticated by cbrhihercial 
standards, though there are bccasibhal spih- 
bffs to cbimherdal mahufactUrihg. 

NSF piays a smaH but important role in 
fending basic research in PA. The F^bductibh 
Research I^bgram at NSF focuses bh autbma- 
tibh technologies, while at least a dozen other 
programs withih NSF fuhd autbmatibh-re- 
lated research tb sbme degree. TbtaLfuhdihg 
for 1984 is estimated tb be about $7 millibh 
tb $9 niiUibh. 

- NBS has a rather unique role in automation 
R&D in that it is the Gdverameht's4)iimary in* ^ 
house labbratdi^tor such work, NBS pursues 
autbmatibh R&D in standards (e.g.i stahdard- 
izatibh bf prbgrcuhihg languages and standard- 
izatibh of interfaces between computerized 
tbblsj, metrblpgy (measurement of parts Using 
computerized devices), and schemes for inte- 
grated manufacturihg. NBS' Automated Man- 
ufacturing Research Facility, funded largely 
through DOD, is |>erhap8 the only full-scale test- 
ing fadUty for CIM in the United States. 

Estimates of SAD, robotics, and machine tool 
indiistj^ funding of aatomation R&D_ range 
from $264 millibh to $460 million Jn 1983, and 
they grow rapidly ih the future as the industries 
expand. There is evidence bf ihCTeased cbbpera- 
tibh between industries and uhiyersi ties ih the 
conduct of autbmatibh R&D. Ih particular, 
Uhiversity-ihduatry cehters for R&D ih prb- 
grammable automation are proliferating. 

_ Tiie United States fbntihues tb. be a world 
leader ih many areas of R&D, including comput- 
er-aided design^ software ih general, and virtu- 
ally all areas of basic research. J apan has de- 
velbped substantial sopftteticatibh ih many 
areas of robotics R&D, while Japan and West 
Germany are both strong in machine tool re- 
search. Both Japan and Western European 
cou ntries also do signif ican fc research regard- 
ing manufacturing integratiori problems. 
Western European countries, notably Sweden 
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and West Germany, conduct substantial J-e- 
search in work envirohineht issues, while these 
issues receive only minimal attehtibn in the 
United States. • 

International Policy Comparisons 

AH of the major industrialized nations sup- 
port the^ development and use of PA to some 
extent. However, th^ lack of accurate^ up-to- 
date information about the details of foreign 
gbverhmeht programs makes speculation 
about their effectiveness extremely risky. 

Historical differences in national character- 
istics have strongly affected PA use interna- 
tionally. For both Japan arid Western Euro- 
pean countries, these characteristics include 
a greater concern for cost reduction— presum- 
ably due to greater dependence on export mar- 
kets, and to higher energy, materials, and 
capital costs than those in the United States 
prior to the 1970's. These factors have led^o 
greater concern abroad for manufacturing 
processes with less materials waste, better 
product design, and low-cost production. The 
Aact that the United States now faces similar 
cdristrairits and a more cornpetitive-interha- 
^^ tional environment is motivating U.S. manu- 
facturers to focus more closely oh manufactur- 
ing processes. 



Government involvement in autbmatibri in 
Japan is substantial, but it is less rrioholithic 
than many believe. The influence of Japan's 
Ministry of International Trade arid Industry 
(MITI) on Japanese industry is ebbing, 
although MITI continues to develop long-term 
plans for technological development and to 
target certain areas of techriblb^ forisarticu- 
laf atteniibh, sucJi as robotics and microelec- 
tronics. Private industry expenditures com- 
prise a greater percentage of total R&D 
spending in Japari than iri any other countryi 
in part due to the near absence of Japanese 
Goverririierit R&D in defense. The Soverri- 
merit has, however, played a substahtifiQ ro^^^ 
in ericbUraging application of new technologies 
iri sriiall arid riiedium-sized firms and in faciU- 
tatirig cboperative efforts among PA produc- 
ers arid users. 



Like the United States, the West Qerman 
Government has no systematic industrial pol- 
icy. It has played a large rble iri ericbura^ng 
pnvate industry irivestrrierit, however, arid has 
allocated large suras to seriiiautbripmous re- 
search institutes arid cbrisbrtia which perform 
R&D related to mariufactUfirig. In addition, 
the Govemmerit has established an Advanced 
Manufacturing Techriblbgies Program to pro- 
mote the riskier forrris of innovation in this 
sector. Though the use of automation technol- 
ogies iELWest Gef mariy is riot as extensive as 
in the Uriited States or Japan, the West Ger- 
mans have characteristically good govern- 
rrierit-labbr-riiariagement relations 
itate the iritroduction of new technology. 

Sweden and Norway have receritly begun to 
devote fesburces^tb PA iri brder to bolster eco- 
nomic growth. These couritries are strong in 
robotics, wbrk eriyiriDriirierit research, and edu- 
cation arid trciiriirig pf bgrams. 



The Froiich Government has a firm com- 
mitment to faster development arid diffusion 
of PA, linking Government support to broad- 
based plans for restructuxirig French indus- 
tries. Despite the availability of Gbvemment 
funds and loans. hbweve>, iridustry has not 
participated in Goverririierit programs to the 
extent ahticip 



Although the Sritjsh Goverriroent is less ui- 
volved in domestjc industiy than the Japanese 
or French, theJJnited Kihgdbrii has developed 
a set of ''^hemea** to promote irivestmerits in 
PA. These incmde loans md grants for con- 
sultants to help jdevelbp autbrriation, and vari- 
ous mechanism^ for support bf iridustry and 
university R&D. 

Italy has no bverall industrial policy, al- 
though it promdtes private irivestrrierit iri^ its 
underdeveloped southern regions. Iri additibri, 
Italy is rapidly Becoming a riiajbr producer bf 
robots, Mid leading Italian firriis have pio- 
neered new appHcatioris- 

Canada arid thf Netherlands have to 
prbrriote PA to f^her economic growth. Th^ 
have fledgling R&D pro-ams and mecha- 
riisms for encouraging application bf PA. 
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Implications for Federal Policy 



The overarching policy question that emerges 
from this assessjhent is^ Should there be tfna- 
tiohal strategy f or the deyelppment and use of 
programmable automation?" The opportunities 
and problems posed by PA are interconnected. 
Successful policy regarding PA must therefore 
rriesh actions iri several areas, spmething^tlia^ 
can only be achieved through a multifaceted 
strategy. Further, the current uses and im- 
pacts of PA are a fraction of what they are ex- 
pected to be in the long term. Thus^ there is 
an opportunity for anticipatory Federal pbhcy. 

The principal issues which motivate interest 
in new policymaking include the^relative im- 
inaturity of the teclmologies and la^c^k of ex- 
perience in their application; the fact_that 
other countries are stiniulating development 
and use of PA; the risk of unemployment 
growth as a result of PA use, both regionally 
and nationally ; the risk of adverse^effects on 
the psychological jtspects of the jvorfc ehvirbh- 
ment; and the rmnfications of PA for educa- 
tion, training, and retraihihg. 

A policy strategy for PA would have to bal- 
ance the interests of a large and diverse group 
of stakeholders: ^ v 

«» T^e developers^and prbducer& of PA ^ 
primarily coricerhed with funding and fa- 
cilities for R&D, as well as general eco- 
nomic policies which affect markets for 
the techhblogies. ' 

• The users of PA focus on competition in 
their product markets. While they tend 
to resist gbyernmerit intervention in pro- 
duction and personnel areas, they call for . 
impfovements in tax and trade laws and 
other policies which influence the business 
climate. 

* Meixibefs of the labor force care about 
whether they can get and keep jobs, what 
kind of jobs are open to them, and their 
relations with management.^ While ap- 
proximately 20 percent qf^the labor force 
is represented by labor organizations, the 



bulk of the working population has no 
focused way to articulate its concerns. 

• Communities and State and local govern- 
ments are particularly concerned about 
economic development and maintainii^ 
their employment base. 

• Educators and trainers ^re concerned 
about the funding, equipment, and facili- 
ties available to them, a^ weH as making 
curricula responsive to new t^jchhdlbgies 
and skill needs. 

• Finally, the Federal Gbvernmeht has 
broad interests, in the develbjprheht and 
application of PA, including its use for 
building defense equipment, as well as its 

^ effect on productivity, economic growth, 
employment, and occupatibrial safety and 
health. 

Pplicy Strategies 

If the Federal Government chooses to cbbr- 
dihate activities in^reas of techBology develop- 
ment and use, employiheht, work ehvirbhineiit, 
and ihstructibn, it can pursue one of fouidiiasic 
strategies: 

1. laissez-faire— a continuation of current 
poHcies; r 

2. te^nolf^-oriented— emphasis on program- 
_ mable automation development and use; 

3. human lesburce-bnented'-upfroiit attention 
tb education, and training, wbrk environ- 
ment, and jbb creatibh; or 

4. both technology- and human resburce- 
bi-iented. 



The principal uncertainties clbudmg prbjee- 
tibhs are the rate of advance of thb techhblo- 
gies, and the relative success bf effbrts abrbad 
to develbp and apply PA and to increase sales 
penetratibirih domestic and foreign markets. 
The state of the economy is also a major and 
uhcertadh influence. 

Thejprincipal argurnents for a laissez-faire 
strategy are that addition^ Federal involve- 
ment may not be necessary for effective use 
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of PA, and that it may be too early in the ap- 
plication-of PA to assess appropriate Federal 
actions. The disadvantages of this strate©^ are 
the risk that other countries may adopt and 
benefit from PA faster than the United State^, 
and the risk of Idsihg an opportunity to adopt 
policies that could hot only maximize the ef- 
fective use of PA but also minimize negative 
social cohsequerices. 

A technology-oriented strategy^bblsterihg 
R&D as well as eneouragihg applications of 
the technologies— could help avert a decline 
in industrial output and employment caused 
by competitive losses to foreign industries^ 
Other advantages of such a strategy are that 
it would help ensure U.S. technological superi- 
ority, and it could bolster national security by 
maintaining a sound industrial base. However, 
even if greater use of PA were a de<dsive com- 
petitive aid to U.S. firms, a strictly technolo- 
gy-oriented strategy could aggravate unem- 
ployment and work environment problems, as 
well as strain the ca^pacities of education and 
traihirig systems. The postponed costs of a 
technology-oriented strategy^articularly for 
assisting displaced workers, may offset some 
of the potential economic benefits of such a 
plan. 

A human resoiirce<>rieiited strategy would in- 
volve upfront investment in evaluating skiH 
requirements, tailoring education^ training, 
and retrainirig programs, and conducting re- 
search in relevant work environment and edu- 
cational impacts of PA. Such a strategy could 
stabilize or diminish future adjustment 
assistance spending, and could prevent work 
ehvironment problons. While human r^ource 
development can facilitate the use of PA and 
Otherwise improve productivity, its effects oh 
industrial outDut levels may beJess^ evident 
than the effects of teehnology-bnehted policy. 
The major disadvantage of a prirharily human 
resource-oriented strate^ is that it might not 
improve productivity or competitiveness 
enough to offset trends in other countries. As 
in thelaissez-faire strate^. the United States 
would run the risk of a further erosion in in- 



the risk of a further erosion ih industrid out- 
put levels and loss of technological superiority; 

A combined technology- and human resource^ 
oriented stjrategy could ensure tectoiology 
development and increased cornpetitivehess 
while minimizmg social fallout. It would recog- 
nize the complementary cdhtributiohs of 
equipment and of people in prbductioh. and 
help assure thatJiuman impacts are explicit- 
ly considefed ih PA developrheht and use. The 
disadvantages of such a combihed approach 
include the administrative and legal burdens 
of coordinating a wide range of Federal activ- 
ities. 



Specific Policy Options 
Techhblbgy Development and Diffusion 

Existing Fekleral policy toward manufactur- 
ihgLteehhblbgy is pi^emeal at'best. In the area 
of R&D, four agehcies with distinctly different 
mandates fund automatioh research^ although 
bhly a srhall pOrtiOh of this work has generS 
applicability for commercial manufacturing. 
Only ih the area of defense procuremeht is 
there a cohcerted Federal effort to coorffi 
product and process technology development 
and application. 

Option: Fund Research and Deve/op- 
meni. —Congress could act tb increase PA 
R&D by ihfluehcihg bbth the overall level of 
funding and its distributiph to various agen- 
cies and research t€pics. The current environ- 
ment for PA R&D is relatively healthy. How: 
ever, fuhdihg for more Ipn&term. generic 
research ih honmilitary application areas is 
relatively thin. Since the bulk of federally 
spbhsored R&D is centej-ed on nuHtary appH- 
catiohs. Co ngress may wish to raise fending 
specifically for generic research, pi^i^^^y 
through the Natiqnri Science Fouhdatibn and 
National Bureau of Standards. Congress may 
also wish to increase funding for standards 
and human factors research, which could fa- 
cilitate the appKcatibn of programmable auto- 
mation across a wide range of industries. 
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PA may lead to ill-consiciered ^JipliQati'^P-S a^id 
excessive problems for employes a^d commU" 
hities. 

Federal bptiohs for faciUtatiijg ^J^plicatio^ 
of PA prirnarily involve ren\K)\/\ri^ 1^^^^^^^^ 
These options include assista^^c^ ii^ |)f oVicUiig 
capital for the purchase or lea^^ ^f ^^tpr^^tion 
ejquipmeht, aiid providing in^pr^^M^^^ about 
PA to manufacturers. 

Measures to encourage addgfcic^ri^f PA' how- 
ever, are only a partial and ^tertviei^ soy. 
tion to manufacturing prdblerj^. A. j^r^g^J'-t^Wi 
solution involves redressing th^hiSi/pd^^^ ^Sr. 
inattention to mahiif acturing g^(rce§S«^f.^'8ani- 
zation, and management. Thoqglt th^f^^ some 
evidence that the private sector h^y*>^eun to 
address this heed, Congress QPi^ld pW ^ im- 
portant role in fostering the tieve^tv^i^^^^ oi 
engineering curricula in uniV^l-siy^S Whi^H 
combine manufacturing, des^^, ^^^ 
resource management activiti^^; a^y^U as en- 
couraging research ia manufa(^\;iStj« ^n^^r- 
ihg topics. Further, Congress c<iula establish 
sbrne form of * 'manuf acturing i^sBti?te. per- 
haps building on the research e^nt:^^ 9±r«ady 
at NBS or at universities,. tQ ptov^a^^^ ^CKiUs 
for manufacturing technblo;^, or>^^^^im, 
and man^emeht issues. S^cfl Mt }:^^^P^te 
— couid^erve^^s^tm=^info^ 
for mmiufacturers, as well^ ^ tlui\kf^„^th 
rotating fellowships for pedgJe froWi ^ Parts 
of the rhanufacturihg sector, 

Emplbyiheht 

the Ui^ted States has h^^i ft^jof Federal 
programs for employment '^liiCe li/W P^P^e^- 
sion era. Excluding educatj/:)!^ mi trmnijig 
programs (see later in this c)l»pt^V]/ _®^^t_ing 
Federa employmeht policy (^W^t^ jtP^ ^road 
categories: 1) the developm^^it a^^d P^^Wb^: 
tion of labor-market ihf onn^tioxi. ^^^^ 
maintenance for the unem^toy^^J, ^^^^bor 
standards, and 4) job creations (2o]tAj?_^^ 5^^^^^ 
policiesJn rnbst European QAtfUtrte^ Ja- 
pan. U.S. labor market poli^^ ^sj-^activ^ arid 
uneobrdihated, and it is noVjiink^ iP oth^r, 
industry-oriented programs ^of stfti^^*^^^ ad- 
justment in the national et(}n<iti\y. 



Option: Maintmn the Status Quo —E}dstmg 
Federal programs provide relatively limited 
Federal involvement in employrneht change. 
Though some might argue that this level of 
involvement is appropriate, the existing set 
of programs and institutions have several 
drawbacks, inihelast two decades. Federal 
employment policy has come to focus on short- 
term programs for aiding disadvantaged 
groups of people (Ibw-ihcorne or chrqnicdly mi- 
employed or underernplbyed). In particular, 
current pro-ams sj-e m-equipped to de^ with 
long-term shifts in labor demand arismg from 
technological and »:oriomic changes, Rowing 
uncertainty in skill requirements, and ex:- 
tended uhemployment among groups other 
than the disadvantaged. Similarly, they are 
not designed to deal with Im-ge regiona mi- 
parities in Unemployment, a problerd that PA 
will likely aggravate in the hear terrri. 

Option: Establish Programs for Job Crea- 
tioTx.--3 oh ereatibh prb^ams can help de- 
crease uhemplbyirieht, as weU.asstiradate eco- 
nomic ^bwth and help build the skills of the 
work force. The principal problem in devel- 
oping a j ob creation program is to avoid pay- 
ing for jobs that employers would have created 
anyway, arid to avoid merely shifting erhploy- 

_ ment from o ne ind ustry to another, either of 

~wKicrrwouM~aimimshnn^ 

Job creatibn programs range frqni the^moat 
general (i.e., exparisionaiy macroecononric pol- 
icy) to specific riieasUres to stimulate hiring, 
including tax credits, incentives for domestic 
production, change in average wort hours, and 
increased production of public goods and serv- 
ices. In particular, the latter two types of job 
creation programs might be consider^ in the 
face of persistent labor surpluses. Although 
reducing average work hours can spread work 
among a larger ^roup of people, individual 
employees may experience re^ Jyage losses. 
The actual costs and benefits bf reducing work 
hours depend on how such a program is struc- 
tured. 



Similarly, stimulating production of so- 
called public goods and services would also 
create jobs. Production of public goods arid 
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services does hot have to be met by expanded 
public sector employment. As in the cas^^ 
defense procurement, pubUc^ investment can 
stimulate private sector ernployment. ** Pub- 
lic goods and services'' can include a_multitude 
of activities— from highway building io child 
care. The j)rijicipal Ssadvantage of public 
goods programs historically has been the di- 
version of resources from private goods pro- 
duction. 

Option: Expand Prpgrams for Labor-Mar^ 
ket J/i/ormatjo/J.— PA offers the prospect of 
radical and ongoing chEinges in the deploy- 
merit of labor among manufacturjng firms. 
Mdriitoririg of employment patterns by ex- 
panded collection and analysis of occupational 
employment data would provide a means of 
measuring the rate^ extent, and directibn^of 
change. Expanded data collection by the De- 
partment of Labor md the Bureau of the Cen- 
sus would unprove their abiKty to describe arid 
forecast employment trends^ and it would im- 
prove the information they disseriiiriate to ed- 
ucators, counselors, and individuals. It would 
also provide data for comparirig staffing pat- 
terns among fifrrris—iriforriiatiori that would be 
useful to managers, labor brganizatioris, arid 
educatisrs. The prirriliry argument against 
such efforts to expand labor-market informa- 
tion is rooted iri the desire to reduce paperwork 
required of businesses, and to limit Govern- 
ment statistics to those that are specifically 
needed by Federal agencies. 

Option: Expand Adjustment Assistance 
Programs.— Expanded programs for iricdme 
maintenance or relbcatibri assistance may be 
hec^ssar>' tb ease adjustmerit problems caused 
by PA arid a variety of other factors. Although 
the debate bver aid to displaced workers tends 
to focus bri exterrial aid, actions by employers 
themselves may also serve to ease employ- 
rnent shifts. Congress might consider legisla- 
tibri tb encourage advance notice of tecfinolo^^^ 
ical change, which allows workers^ to plrni for 
change, evaluate training needs, and seek new 
work. Employers often resist advance notice 
requirements, however, arguirig that techrib- 
logical change is a management prerogative. 
Another measure that Congress might cbrisid- 



er for erriplbyer actions would be financial in; 
ceritives to relbcate personnel either within or 
butside the firrii. 

Work Environment 

0TA!a analysis suggests that the area 
where PA itself may rriotivate the greatest de- 
parture from past Federal policy is work envi- 
ronmeat. Because PA will eventually affect 
the work eriviroririierit of rribst manufacttirHig 
persoririel, especially in metalworking manu- 
facturing, arid because it poses potential new 
prbblerris pertairiirig to the psychological as- 
pects of the work environment, this technolo- 
gy raises questions about the adequacy of ex- 
istirig mechanisms for studying, monitoring: 
arid regulating workplace conditions. 

Option: No Increased Federal jSoie.— Al 
though nb single pbUcy instrument specifically 
addresses the irripacts;bf PA on the work en 
virbhriierit^ various mechanisms are already ir 
place at the Federal, State, and local levels 
that cover workplace concerns in general, par 
ticularly in the areas of heakh and safety^ Pot 
ther, a few efforts have begun in both the pri 
vate arid public Sectors^ to plan for th( 
workplace effects of the introduction to ne^ 
teclmology^ Finally^ it may be too early in th( 
development and application of PA tb devise 
an appropriate Federd role. AH the above cbri 
cems mi^t argue for retaining the status quo 

However, work environmentjssues are sim 
ilar iri some ways to other problems^ such aj 
pbllutiori, which are nqteasily solved by tli( 
private sector on its own^ With cun-ent es^^^^ 
mates of union membership iit the Unitec 
States totaling about one-fifth of all workers 
there is a large s^merit of the pbpulatibn thai 
will not have a focused way to articulate wbrl 
enviroiiment concerns. FixiaHy, there is a ^ea1 
deal to be learned about the effects bf PA oi 
the workplace^ and such research rriust begii 
immei^ately in _ order to help irriprbve th< 
workplace as adbptibri of PA accelerates. 

Option: Increase Oversight and Mondtor 
ing.— Congress couW increase the erriphasij 
placed on the workplace effects of computer 
ized manufacturing automation through iti 
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oversight and monitoring activities; Gonsid- 
efable oversight has been provided on these 
issues by a number of con gressional commit' 
tees over the past several yeatrs. In. addition 
to its own oversight activities, Gongress could 
designate monitoring responsibilities to the 
Occupational Safety and Health Administra- 
tion (OSHAj and the National Institute for Oc- 
cupation^ Safety and HealthiNIOSH). While 
such oversight could inform Congress and the 
pubKc about workplace cbhcerhs and cover a 
wide range -bf settings, it might result in a 
piecemeal effort with little or rib coordination 
of activities or sharirig of information. 

Option: Increase Suppori for Work Envi- 
ronment ^eseardi;— Gongress could support 
reseaich, through such agencies as NIOS.H, 
NSF, and the Department of Labor, bri both 
the short- and long-term social irripacts of PA 
on the Svorkpiace. Potential areas for reseeu-ch 
Snght induce the physical arid psychological 
effects of PA, management strategies arid pol- 
icies in introducing and usirig PA, worker par- 
ticipation, ideritificatidri of hazards and how 
to control therii, chariges iri work content and 
brgariizatibri, arid changes in organizational 
structure, ariiorig others. Research would be 
particularly valuable for identifying tech- 
riiques to rrieasure non^hysical prqblenncs in the 
workplace. Demonstration projects^ sem&ars, 
arid experiments would enhance understand- 
ing of the effects of PA and the extent to 
which it can be shaped to improve the wbrk 
environment. 

Currerit research on the social impacts of PA 
bri the mariufacturirig work environment is 
modest iri scope and support^ reflecting the 
limited amount of interested funding avail- 
able for this purpqse.^y c^trast, study of the 
impacts of new technology on the workplace 
is more common in Japan and Western Eur- 
ope, where the subject has histoneally received 
more attention across sectors. 

Option: Set New Strnidm-ds.— New saUty 
arid health standards maj^ be required to ad- 
dress problems associated with the use of PA. 
Reliable inforrriation would be needed oh the 
numbers of people at risk,' the nature of the 



risks, and the pbteritial costs arid benefits of 
establistiing and eriforcirig riew regulations. 

Option:. Promulgate Omiiibu s Work E n yi- 
ronrhent Legislation.^O^^^^ aspects ot th<i in- 
trbductibri bf ri^w techribldgy into the work- 
place, beyond safety arid health concerns, 
■suggest that a broader approach to work envi- 
"rbririierit policy may be desirable. These as- 
pects iriclude the potential for excessive sur- 
veillarice of workers and the disparit^^ in 
worker and management underst^^ 
both the choices^yailable injid opting PA and 
theie workplace ramifications. In addition, a 
broader approach would ensure that the inter- 
ests of all workers would be protected. 

A number bf European couh tries have taken 
an prririibus approach to workplace concerns. 
Iri Norway and Sweden, for instance^ work en- 
yirorimerit legislation has been in effect since 
1977. brie purpose of this legislatibn ia to pro- 
tect workers' mental as well as physical health 
in the workplace, particularly in the cbhtext 
of technology change; another is to give erri- 
ployees an opportumty to:influenee the desigri 
of the work environment. 

Gctucatibh, Trfiuhing, and Retraining 

The Federal role in education has tradi- 
tionally been that of supplementihg or enhanc- 
ing State and locd activities. In recent years 
there has been ^movement toward lesseriirig 
direct Federal involvement. In ^britra^st, the 
Federal role in traihihg and retrainirig ef- 
forts— particularly for the ecbribrmcally disad- 
vantaged— has bjBen dorriiriarit sirice the mid- 
196D's. In keeping with the trerid toward 
decentralizatibri, the receritly enacted Job 
Training Partnership Act (JTPA) shift^i re- 
spbrisibHity for adriiinistration and regulation 
of federally funded training and retraining 

activities to the States. 

— \ _ _ - -- -_ - _ 

Option: No Increased Federal Role.— As iri 

other areas affected by PA, it rriay be tod early 
to assess the appropriate Federal role in educa- 
tion, training, arid retraining related to PA. 
However, if the F^eral Govenurierit chose not 
tb rriodify its existing programs, it would for- 
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go potential roles unlikely to be assumed by 
other levels of government or the private sec- 
tor, such as assisting in the coordination of in- 
structional activities, ensuring that adequate 
labor market and occupational forecasts are 
developed, and ensuring that information d^e- 
rived from such forecasts is actively cKssemi- 
nated to individuals, educators, and trainers; 

tDption: Increase Support for Facilities, 
Equipmentr and Qualiffed Instnictors. --Con- 
gress could consider options such as tax incen- 
tives for the purchase of state-of-th^art equip- 
ment for training, and funding to establish 
selected ^ucational facilities and niaintain 
them for use in periods of intense demand for 
PA instruction. Congress js currently co^sid- 
ering le^slation to^ncoure^e mterest in math 
and science teaching, en^neering education, 
and other fonns of t«:hnicai instructibn. While 
these measures cotSd removejngtriy of the bar- 
\ riers to the establishment of PAihstrucybhal 
\pr6grams, they might also stimulate too much 
interest in PA ihstructibh at the expense of 
other types of education and traihihg. 

Optioii: Encourage Curriculum Dey^ 
megt^— Congress could enact a grjtnt program 
to fund the development of curricula geared 
to thi development of PA-related skills. En- 
couraging comprehensive curriculum design 
and the eStablishmeht of voluntaty guidelines 
for ciimcuitim ebhteht at varibus levels would 
guarantee sbihe degree of stahdardizatibh tb 
bbth ehrbllees and employers. 

Option: Ezicoura^ Jtenewed Emphasis on 
Basic Skills wid T^biein^Scivixig SSfls.— Con- 
gress could choose to encourage at aH levels 
of instnictioji a renewed emphasis bh strong, 
basic skiHs in reading, math, and science. Spe- 
cial emphasis could be placed on the develbp- 
meht bf individual prbblem-solvihg skills, 
since these are impbrtaht prerequisites tb 
training for careers in cbmputerized mahiif ac- 
turihg, as well as for hbhmariufacturirig occu- 
pations. 

This option could make the labor supply 
more resilient in the Ibhg term by raising tfee 



overall skill level. It could also create a fbun- 
datioh of skills that could_be enhanced bver 
time through the development of job-related 
skills, induding those associated with PA. 
Finally, this a^pproach would not feed the proc- 
ess of **sldlls obsolescence" by tying individual 
instruction too clbsely tb specific techhblbgies. 

Option: Encourage IncU\ddual P^it^pBtion 
in PA'Related Instruction. —Possibl 
ures already being considered by Congress to 
make individual participation in instruction 
more ecqnomcal mciude in^ tax incen- 

tives (e.g^ deductions for spending bn train- 
ing for a new occupation); the designatibh bf ' 
training as an aHbwable bxpense tmder the Uh- 
employntent Insurance System; and the estab- 
Kshmeht M individual education or training ac- 
counts.. Incentives to individuals would be 
particularly valuable in instances where ern- 
plbyers db hot provide PA-related instruction 
tb their employees b^ohd the level of intro- 
ductbry training. 

Option: Encoura^ Industiy-B^ed Ihstruc- 
t/o23.— Few users bf PA equipment currently 
have or plan to establish in-hbuse ihstructibh^ 
prbgrains. Cbh^ress ebiHd ehbbse to ehcouraeB 
users bf progractihable equipment to establish 
or enhance ih-hbuse technical traMhg pro^ 
grams through the creation of tax incentives 
that help defray the costs of instructors, equip- 
ment, expansion of iiistnictiohal facilities, and 
ciirriculurn developmerit. 

Optioh: Intensify Research JEfforts.—Cbh- 
^ess could ehbbse tb increase Federal spon- 
sorship of research tb identify changing skills- 
reqmrements within mMufacturihg bccupa- 
tibhs, aiid tb prbvide for brbad-based dissem- 
ihatibh of the findings to better equip educa- 
tors and trainers for curriculuiri development. 
Congress could also use a research program 
to ehcdiirage the developmerit of instructional 
standards that are in keeping with PA skiUs 
requirements. 
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Background 



A hew wave of automation is spreading 
through manufacturing industries, aiid like its 
predecessors, it is receiving a mixed welcome. 
Computerized mahUfactilririg aiitdmatidri— 
the application of electrdnic computer and 
communication tc)ols to manufacturing— is 
viewed both as contributing to the problems 
faced by the U.S. economy and as part of the 
solution to those problerns.* Tliqse who view 
it optiinisticaliy emphasize its potential to im- 
prove productivity, work environment, prod- 
uct quality, and ultimately competitiveness. 
Those taking the opposite view argue that it 
will cause massive unemployment, niake many 
jobs less rewarding, and provoke a retraimng 
crisis. The rhetoric used by both sides makes 
it difficult to appraise the teehhblbgies and, 
moreirhpbrtahtly, to determine what policies 
may be appropriate. 

The economic and social effects of comput- 
ers and automation in manufacturing have 
aroused concern since the late i950's. During 
the late i950's and early i960's, people grew 
more aware of the potential uses of ebmputer 
technology, while adoption of so-called hard 
or dedicated automatibh began to accelerate. 
Studies conducted Jurihg that period, inqlud- 
ihg the report of a Federal study cbmmissibh, 
drew cbhcliisibhs about potential job loss, 
changing wbrk cbnditibns, and instructibhal 
heeds that remain valid today. ^ Because of 
technblbgical developments and falling costs 
for computing during the late 196b's and the 
1970's, the prospects for significant social and 
ecdridmic change resulting from wide use of 

♦The subj ec t of this report is describe as ' *m£uiufacturihg' ' 
rather than _*!factory*^ auJ;omatjpn m order to^^ 
these toola can be applied aot only to the fabrication of prod* 
ucts but also to the critical fonctions of product design^ and 
inahufactiiring mahagemeht. Related office mitomatibn tech* 
n ologi es [s being-evaluated in a forthcoming OTA study "In 
formation and Commumcatipn Teclmplogies and th^^ 

•Report of the National Commission on technology, Auto- 
inatioh, aiid Economic Progress, 1966: 



computer techiidldgies are mdre immediate to- 
day than befdre. 

The cufrent^wave of automation is unlike its 
predeeessbrsJn severaLways: Programmable 
automatimi (PA) can collect and process infor- 
mation as well as do physical work, allowing 
equipment for design; praductibh, and man- 
agement to be linked together. It can imprdve 
product quality by rmsing cbrisistehcy and 
cbhtrdl in prbductidri. Arid it can be Used in 
producing a range df products because df its 
f eprdgraimnabihty This trait, in particular, 
lies behind claims fdr PA * 'flexibility''. These 
features make PA ecdnomical in production 
df much smaUer quantities t^^ 
tion, wWch is largely restricted to to 
tity or mass productiqn.^X^ ^?ske PA ap- 
pU^?ble across^ a wide rmge^ of industries, 
whereas the appjicabiHty of conventional hard 
automation is much more linrited. PA wiH 
have a major influence on skill requif emehts, 
product design ihd variety, prbduetibh cbsts, 
jbb ebriteht, and the brganizatibh and manage- 
ment of manufacturing. Its features are funda- 
mental tb the pbtential changes in ernplby- 
rhehtj wbrk ehvirbnmeht, and educatidri arid 
training heeds that are a focus bf this report. 

The technical features ^f prograimnable 
automation and tiieir (economic and sodeS r^- 
ifications continue to make PA^ source 
bf cbntrbversy bver the next decade. In partic- 
ular, the eebhbmic aspcjcts are central tb the 
argurhent proponents make for rapid develbp- 
merit and diffusion bf prbgrammable autbrria- 
tibn. Prbpbrierits claim that, in the current 
cliinate bf iriteniatibrial cbmpetitibn, mariufac- 
turiiig firms must either autbrhate dr riidve 
prbductibn overseas if they are to cdritiriUe in 
business.* The basic argument states that PA 
will riiake domestic manufacturirig nidf e effl- 

_ _*BaiTing, that is. significant changes in import restraints or 
the value of the dollar. 
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dent and c5mpetitive, and it. wiU thereby PA wiH help many^cbmpaiues to produce 

conf ihute ^o ^ononuc growth and greater better and cheaper. But whether the Pohcy 

i^^^r^r ffoal is to improve industrial competitiveness, 

employment: • ISiniize employment, or both. OTA's re- 

The focus on economic growth reflects con- search reveals a need for comprehensiye re- 

cern over the slow ^owth in prodaetiyity and thinking of rhanuf8u:turing processes and com- 

ecbnornic output experienced during ^ the petitive strategies. With surprising consisten- 

1970*s and early 1986's. During that tirrie, autbmatidii experts consulted by 0TA 

U.S. industrjes lost shares in domestic citW organizational factors, rather than 

f oreign^rnarkets^o-forSgn-corhpet|itb priri- technical ones, as the principal problems sur- 

cipally the Japanese. While the causes and sig- rbuhdirig the use of PA, Thus, in Several cases, 

nlficance of these phenomena are debated even feasibility studieshaye led to imprb ve- 

among experts, popular cbriseiisus deems a merits in product design and production proc- 

key cause to be different production costs— esses without the adoption of PA equiprrierit. 

in particular, different labbr costs— among While new technolo^— i..e., hew ways tb cpm- 

countries and industries. Lower costs abroad bine equipnient, peraoimel, arid rriaterials— can 

for labor have been a major reason, but not - h^ip manuf actuiing cornpanies, experiences in 

the only one.*_fbr increases in overseas pro- ^j^^ United States and abroad reveal that the 

duction by U.S. manufacturers as well as for success or failure of PA deperids more on the 

increased impbrts of manufacturing goods. management characteristics of the organiza- 

Against this background, the labor-savmgs ^^^^^ ^ j^^^ ij. than on the particular choice 

aspects of PA technologies have taken on of equipment and systems, 

special significance. ^-^j^^^i^gj^i^ ^3 economic con: 

Unfortunately, the pbpular focus on the cenis stu-rounding the spread of p^^^ 

labor-savmgs aspects of prbgrammable auto- autdmation are interconnected* Laborsaving 

mation is nnsleading: It plays bri historic ten^ ^ technology does not necessarily cause uriem- 

sions between labbr arid rrianagement in tins pioyment: employment depends on what and 

country, and it ignores the role of manage- j^^^ rmx^ consumers will buy ,^as well as how 

ment, product design, arid other cost factors management decides to rriake those goods, 

in determining a cbrripany 's ability to com- Technology does not of itself reuse or lower the 

pete. There is a risk that , by emphasizing the gj-jj levels required bf eriiployees: skiU require- 

one-fbr-orie substitution of macWnes for pe^ ments depend on how rii£magement defines 

pie, companies will use PA inefficiently; they ^^^^ and allocates wbrk to suit an existing or 

may ignore critical differences between what preferred work force. Machines do not neces- 

people arid machines can do best arid they sarily improve or degrade the work^environ- 

may ignore less tangible but effective bptibris merit: equipriierit designers and managers 

for iiriprdvlng human resource management or xff^e choices that determine how machines 

responsiveness to customer rieeds.** and people interact ' 

♦Other reasons iriciude^uch factors as differences in materi- Programmable automatibii cari improve the 

als and energy costs, differences^ in capital markets, the ex ^^^^ environment, raise productivity, and Create 

vey of industrial engineers. (Instituteof Industrial EngihWs. j applied witH those goals Ul mmd^ BecaUSe 

••ProducUvity Today: Aii Inside Report." l983J_As one repqrt«r markets for PA are ^till yOUng and the USe 

sberidirig--traditionaiiy the 'quick fix' forimprbved ihdustnd social and ecbriomic effects of P A wrfl not be 

perfonnan{»--wiU remain a major com^n^^^^ cataclvsriiic there is time for managers, em- 

^i^^: S."^ " Ployei. ^ucators. and govenunent to gain a/ 
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better understanc^^ and to plan to ad- 

dress the effects of automation on the work- 
place. Such advance plannmg^wiU be neces^sa^ 
in order for the country to capture the poten- 
ti^ benefits of PA and avoid excessive social 
and eccmomic costs. Specific areas ^^ere long- 
range planning would be beneficial include 



arialysis of changing skill requireraents, im- 
provements Oil the pairings of people wit^ 
machines, and the roles and requirements for 
veuridUs educational institutidxis. Alsd impor- 
tant is the business climate for PA veriddfs 
and users. 



Study Approach, Organization, and Methodology 



. Approach 

To apprmate what prdgran^ autdrria- 
tidn bodes for the U.S. ecoridmy, it is neces- 
sary to understand its key features, including 
its hmitatidris and side effects as well as its 
expected benefits. This repdrt examines those 
features largely from the i>erspective of the in- 
dividual firm that may addpt PA. It focuses 
on the use 6i PA amcrig discrete-product man- 
ufacturers,* particularly those in such metal- 
wdrkihg industries as transportation equip- 
meht and electrical and nonelectrical rnacWn- 
efy. These industries have been and will 
through this century continue to be leading 
users of PA. While many of the conclusions 
reached about the application of PA in metal- 
worWng industries may hold for other indus- 
tries, generalizing about long-term effects of 
PA across industries— even among metalwbrk- 
ing industries— is risky. 

Where uncertainties exist, they are iden- 
tified. Often, those uncertainties surround 
estimates of the amounts of change that ^e 
likely to arise from the spread of PA; The re- 
liability of inferences about quantitative ef- 
fects on industries, regions, and the national 
economy is limited because good data on eco- 
nomic and social aspects of PA do not exist. 
In particular, there is a^careity of good data 
describing shifts in skill requirements, types 
of jobs, materials requirements, or the struc- 
ture and competitive conduct of industries 
producing and using prdgraihrriable aiitoma- 



_ _* Prpducers of discrste products made in lots ranging from 
one to masS'productignjquanHtyt such machiries 
and automobaes, as opposed tp continuous-process manufac- 
turiers, such as producers of chemicals and steel. 



tioh; Gonsequently, it is too early to make 
precise, quantitative forecasts. Moreover, 
because teehnblo^, industry, and job charac- 
teristics are changing cbntihually,^d^criptibhs 
of conditions at any one jjpiht will hot neces- 
sarily hold up over time. This report therefore 
stresses the identificatibh of the riaturfe and 
directibri of likely changes rather thaii their 
magnitudes. 

This repdrt exaradhes a wide range of poten- 
tial chmiges in the development ^d use of 
human resources that may accompany the- 
spread of PA. Some will shape industry em- 
ployment prospects, others will affect the 
work ehvirbhiheht. Indeed, potential changes 
in the wbrk ehvirdnmeht wiU ultimately^ 
more people than changes in industry employ- 
ment levels. Whilie deverdpments in empldy- 
rherit and in the work erivifdrimerit may rtid- 
tivate hew educatidn and training activities, 
educatidn and training in tiini m^ shgje the 
development, use, and employpient effwts of 
PA. In describing the ramifications of pro- 
grartmiable automation for human resources, 
this report addressra the potentid for nontech- 
nologicEd factors, from raianagement style to 
industrial Stnicture, to reta or conflict 
with the influences of PA itself; 

The ihterhatidhal cdhtext for PA devjelop- 
ment ahd use is highlighted throughout the 
repdrt. While data bn activities and programs 
abroad are limits! and iineyen in quality, each 
chapter relates phenomena in the tjuited 
States to those abroad bp the extent feasible; 
Actions in inany countBes wiH rffect the level 
of technological development, the strength of 
the United States' claim to technological lead- 



id 

EKLC 



28 • Computerued 'Manufaciuring AuU^aitbn: gmp/oymem, Education, and the Workplace 



ership, and the ability of producers arid usprs 
of PA to compete in domestic and foreign 
markets. 



drgariization and MetHodology 

Fbllbwirig the executive summary arid intr<> 
ductibri, the prospects for prograrnmable auto- 
mation are examined in this report from sev- 
eral perspectives. Those perspectives are 
brbught out through seven analytical arid 
descriptive chapters. A final chapter presents 
cbngressiqnai policy ojptiohs. Each chapter 
draws on other chapters in the report, but is 
otherwise self-contained. 

Chapter 3 addresses the qyestions^ ''What 
is prbgrarririiable automation?" and ''How 
might it be used?" It defines PA technolo- 
gies— including computer-aided design, rbbbts 
arid bther forms of computer-aided rr^ariufac^ 
turirig, and related computer-based mariage- 
riierit systems— and describes their develbp- 
meiit trends. This chapter stresses the fact 
that PA is much bigger than robbtics, which 
receives most of the attention, arid it evaluates 
the potential for the integratibri of PA equip- 
ment into highly automated systeriis. 

Ghapters 4, 5, and 6 address the questioji. 
*AWhat are the implications of its usb?" 
Chapter 4 examines the prospects for employ- 
merit change, including the way ^ in which PA 
riiay irifluerice job desi^ and the number arid 
rriix of jobs among firms and industries. It alsb 
highlights conflicting influences bri_ eriiplby- 
merit by occupation and industry. Chapter 5 
explores the implications of the use bf PA for 
V the workplace. The chapter shows hbw tech- 
\ ridlogical features combine with riiariagement 
attitudes and actions to shape the work en- 
vironment in mariufaeturirig firms. Chapter 6 
illuminates emerging needs f br education, 
training, and retratniiig arid discusses current 
efforts by industry, labbr, and the academic 



community to meet those needs. It also dis- 
cusses the relationship betweeri PA-f elated 
skills devejopment arid brbader educational 
preparation. 

Chapter 7 addresses the questions, **Whb 
prbduces PA equipment?" and What is^the 
ktatus of producer industries?" It descrites 
the structure and competjtive conduct bf in- 
dustries supplying programmable autbrriatibri 
goods and services. The chapter alsb charac- 
terizes the emerging role of these iridustries 
in the U.S. and world ecoribriiies. 

Chapters 8 arid 9 provide background oh the 
players irivblved and on existing directions in 
U.S. arid foreign technology poHcy. Chapter 
8 describes the roles of public radpri^^ateiri- 
stitutibris conducting PA research and devel- 
bpriierit. Chapter 9 enumerates the efforts of 
governments in other countries to stimulate 
the production and use of prograiiuriable auto- 
mation. These two chapters lead into chapter 
10, which provides altemati ves f bt^ corigres- 
• sional action. 

The firidirigs arid insights of this report were 
develbped frbrii many sources of information. 
Technical literature and conference sessibri^ 
provided background materials, but riibre di- 
rect development of informatibriLCbhstituted 
the bulk of the research. Over the course bf 
the study, OTA held workshops that brought 
together expertsin the areas bf erriplbyrrient 
change and industrial relations, prbgrariiriiable 
automation industries, arid prograriunable 
automation technologies. OTA alsb cbriducted 
a survey of educatibri, trairiirig, arid retrain- 
ing activities arid bpiriibris ariibrig producers 
and users bf PA arid ariabng educators. In ad- 
dition, 18 case studies were carried out. Four- 
teen described apprbaches tb education, train- 
ing, of fetfainirig; fbur described some of the 
effects of PA bri the work environment. 
Throughout the study, OTA stMf visited fa- 
cilities arid cbrisulted with a wide range of 
experts. : 
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Gdngressioiial Interest and Policy 



The computerized manufacturing atttoma- 
tion study was requested by the Joint Eco- 
nomic Gornmittee,jbhe Senate Gommittee bri 
Labor and Human Resources, the Senate Cbrh- 
mittee on Commerce, Science, arid Transpor- 
tation, and_ the Labor Standeirds Subcorhrriit- 
tee of the House Committee on Education and 



Labor. Other comniittees, including the House 
Committee oh Sciehc^ and Technblp^ arid the 
Hbuse Cbriirriittee on Sriiall Business* have 
also expressed interest in this study, Table 4 
lists several relevarit cdrigressibrial hearings 
held during the development and conduct of 
this assessment. 



Table ^.—Representative Recent Cdngressidhal Hearings Relevant to Programmable Automation 



Robotics 

June 2 and 23, 1982^ 97th Cong., 2d sess. . 

Hearmgs before t hie Subcommittee dfl Investigations and 

Oversight to examine the _status arid pbtoritial ajDplicatibris 

of robotics techn_olpgy_R&Q. 

New Tecbjnology In the American Workplace 
June 23, 1982, 97th- Cong , 2d sess. 
Hearing before the Subcommittee bri Labor Standards to 
ex_amin^ the impact of automation bri emptbymerit arid 
working condLt ions. 

Hearlngs-Oti JrtatbenuUlcs-and Science Education 

Sept. 28-30, 1982, 97th Cong., 2d isess.; and dan; 26-28 and 

3^1. 1983. 9pth Cong., ist ses^^^ 

H ear g sjbe f o re t h e_S u b c p m rri i 1 1 ee p ri Ele rii e ri t ary , Sec ; 
ondary, and Vocational Education and tlie Sub_cpm_mittee 
on Postsecondary Edacation to consider several bills to 
improve mathematics arid science education at the 
elementary and secondary level. 

Oversight, ot Trad eAdJus tmenJAssJst^^^^ s 

and AuthorLzatioji of Appropriatiojis for U.S. trade 

Representative^ Intematlonal Trade Commission, 

arid Customs ServlciE» 

Max. 17, 1983. 98th PonQ., 1st sesg 

Hearings before the S_ubc_ommitt_ee_pn_iriternat jona[ Trade 
ta consider the impacts of foreign trade and thejiscal year 
1984 activitieis of cdricemed Federal agencies: 

Impact of Rbbptlcs_6n Emplbyment 

M_ar._ 18,_1_983^ 98th Cprig,, 1st sess. 

Heari ng before the Subcommi_tte_e pn_Ecpripmlc Goals and 
Intergovernmental Policy to examine lhe_ LmpacJ. of 
autbrinatibri, iricrudirig robotics, on U:S^ employment. 

Blolojslcal Ciocks and Shift Work Scheduling 

Mar. 23 _and_24^ 1983, 98th_Cpng,, 1 st sess. 

Hearings before the Subcommltt_ee_pn Lrivestigatipns and 
Oversight to examine research on human .biological 
rhythms, such as the sleep-wake cycle, and their effect 
_ _o n j p b^ pe rf prm an c e of shift wb rkers. 

Job_ Forecasting 

Apr: 6 and 7, 1983, 9Sth Cong., 1st sess. 

Hearings b ef o re t he S u be om mJ 1 1 ee on I n ve^g aHp n s an d„ 
pvel-sight to exarriirie implicatibris of technology change 
" for employment fbrecastirig. 



The impact of Robots and Computers on the Workforce in 
the 1980's \ ) 

^^y^h 1933. 98th Cong., isl sess. 
Hearing befprejhe_Su_b^pmmit^^^^^^ pn General Oyersight 
ancLthe Econorriy on employrnjent forecasting and tech* 
_ nological change: _ \ _ _ 

Admlnistfatibri Prbpbsal for BIbclc. Grant for Vbcatlbhal 
and Adult Education \ 

MayjJ_,J?83^Mh_Con^,^lsJ_se^^^ 

Hearings bejfore the Sabcommittjee on Elementary, Sec- 
ondary, and vocatiortal Ed ucatlori regarding the formula* 
tibri arid adriiirilstratibri of Federal educatibri grarits to 

States, I \ 

techn_ojogy and Empjoyment \ 

dune 7*10, 14-16, and 23, 1983, 98t\i Cong. 1st sess. 
Joint hearings before the Subcoc^mlttee on Science, 
Research, arid Techriblbgy arid th^ Tjask Fbrce^bri^ Educa* 
tipji and Ernpipyrrie^ regarding the rapge of effects of new 

.technology on labor.. . \ 

Indostrial Policy, Economic Growth and the Competitiveness 
of U:S. Industry - — - - — 

Jurie 24, 29, and 30; arid July 13, 14, arid 20, 1983, 98th 

Cong^ jst sess^ ^ 

Hearings to examine issues andrec0ri:im_eridations rejaj- 
ing to a national Industrial policy to jfacilitate industry 
capital fbrnlatibri iri order to promote arid sustain econom* 
ic growth. ! 
Joint Hearing on Pjant Clpslrij^^ _ j 

July 8, 1983, 98th Cong , 1st sess. I 

Jjoint hearing before the Subcommittee on EmpJoyment 
Opportunities arid the Subcbnimittee bri Labdr*Mariage- 
men t Rel at i o n s o f t he Corn m 1 1 1 ee on Ed Li cat i b ri arid Labb r 

rega rd in gab i JL iP sejc o nd j Upn s o n_ plant cj psj rifls^ 

Industrial Policy: the Retraining Needs of the Nation's Long- 
terrn, Structur^Ny Unemployed Wjvfcets _ 

Sept. 16, 23, 26, ari^d Oct. 26, 1983, 98th Cdnj^, 1st sess. 
Hearings before the Joint Ecbnomjc^C^ on patibri- 

aj retrain i_n_g needs associated! with structural change in 



the economy: 



SOURCE- Office of Technology Asaessmenl. 
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The extensive cbrigtessional interest in t fie 
stud5' reflects the fact that progrsmcimable 
automatibh has numerous inipUcati<m^ 
pbUcy. Recent policy discussions have tended 
to focus oh either labor issues or interhatiojial 
cbrnpetitiveness. Indeed, concern for lahbr 
issues was a strong theme in the requests f br 
the study. 

THs report addresses policy concerns in the 
areas of work ehvirbnirierit, employment, edu- 



catibn and trmning, and the development 
use bf prbgraffimabie automation; Moreover, 
the policy discussion in chapter 10 emphasizes 
the interconnections between impacts and pol- 
icies in all of those areas. It provides alter- 
natives for congressional action that address 
those areas together as well as individually. 
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otnation TechnQlogies 



Summary 



This chapter is both a pi5?it*5r P^^SP'e^ 
mable automation (PA) too^^ ^i^ t^l^eir Poten- 
tial applications in manufactniMng^ irid^ as* 
sessment of the important p^'Oble^ direc- 
tions for development of th^ t^ch^ As 

ydefined here, prq^Eimmab)^ aut^r^^ in- 
cludes computer-aided desj^ TC At)J; ^othptit- 

I er-aided manufacturing tools-^e,^^ robotics, 
numeric^y controlled (N^^) ^a^^^ftift^ tbals^ 
flexible manufacturing sya^el^s (J'lV^S), 
autojnated materials hahd;^it^^A^H)i aid 
computer-aided techniques f(^r in^^g^^eSt— 
e.g., management informati^^tt syi^t^i?'^ i^US) 
and computer-aided .planh^^^ (^AP)- ^heh 
systems for design, mahufa^WiijS^, ^d niah- 
agerheht are used, together iii a ft-oO^ditiafced 
system,, the result is cbi^jpiiteN^tegi-afced 
mariufacturihg (CIM). 

The context for this ana^^^is P^^arfly 
discrete manufacturing, as <^pp^03^^^!^^^ 
udus-prpcess industries suc^i ^8 or 
paper. Discrete manufabttirf^g UiQltud^^ 
range of traditional metEdW(frfeiji|[ t^d 
(e.g., automobiles and faxTO eijurfptj^jsAt^^ 
as other industries which^^ ntrl; pi^arily 
metalworking (e.g^, electron^^s^). (^f ^^ticiiJar 
note IS that a great nirniy of tHe ^po<?ucts of 
discrete manufacturing are fxi^^^ iA batcfies 
of perhaps a few dozen to a Imj^^i^^jd Uijjts. 
Because of tKs, it is often i^ob ecftjt>oi?^^i^ to 
use sihgle-pnrpbse, autbi^al^ecj Jti^cHihes 
(known as "fixed'' or "hard'* ;atLt:&iftatJonj to 
manufacture the product. Ir^ sUcft ^ ^^yiron- 
meht, programmable autbm^(S(?)i i^ jrOtentiaJly 
very useful. 



The essential difference J^iwi^t^ ^o^veti- 
tidnal factory machines an^ jprC5gprii*wiabie 
automatidri is the latter^s u^^^ -of i»>foi^ati^^ 
technology to pro\dde macj^e^^^^ and 
communication. The use oX t^mp^^^^^ 
communications systems these xa 



chines to perform a ^eat«r variety of tasks 
than^ixed automation can perform, and to 
automate some tasks which previously neces- 
sitated direct human control. 

Prdgrammable automation can respond to 
sdme of the central problems of rnanufactiir- 
iiig. These indude enhancing inforaatiqn^fb 
improving coordination;^ and increasing effi- 
ciency and flexibiHty ( as both the 
range of products and volume of^ a specific 
product which ^ Jact^iycra economically pro- 

dy??l'_?y i^_^^S P^^S^?™^®'^^® automation to 
address these problems, manufacturers hope 
to increase their productivity and control over 
the manufacturing process. 

ThdUgh labor savings seem to be the rnost 
dbvidus benefit of automation^ sa^gp throu^ 
more efficient use of ^aten^s ma^^ be more 
significant in njany manufacturing environ- 
ments. In particular, flexible manufacttuing 
systems can reduce waste, reduce Levels of 
fooished product inventory^ and reduce the 
manuf actmer's substa^ investment in the 
products that are in various stages of cdrnple- 
tidn, known as "work in process." 

Some of the t^lmical factors jvhich hold 
back PA's jgotential uses injnanufacttiring 
include relatively cumbersome prbgrammg 
languages, a general jevel of technical imma- 
turity in mai^areas of thet^hnblbgies, long- 
established orgmnzational^barriera in Industry 
(e.g., between manufactxmng and desigpa eh- 
^neers), and the embryonic nature of efforts 
to maxirhize the effectiveness of man-rhachihe 
interactions. 

Nevertheless^ the tw^ appem^to be 

guite adequate t«:hnica]ly^f or the vast majori- 
ty of near-term applications; there seems to 
be a si^nficant backlog of available tools 
which manufacturers have only begun to 
exploit. 
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The use of PA tools in integrated systeins— 
e.g., FMS or eiM— is much more powerful 
than theiruse for a single task or process. 
Such integration not only magnifies the pro- 
ductivity and effieiehey benefits of PA, but 
also tends to induce cKahps in all parts of the 
factory. Managemehtjtrategies, product de- 
signs, and materials flow all change to best 
make use of such integrated systems. 

Many industrialists have a vision of CIM 
that includes maximum ttse of PA_ tools and 
coordination between them, with few if any 
human workers. Qthers downplay CIM as a 
revolutionary change and emphasize that fac- 
tories will adopt automation techndldgies as 
appropriate. It may hot be appropriate (or eco- 
nomical) to remove all or most humans from 
many factories. In any case, the wdespread 
use of eiM and virtually Unmanned factories 



are unlikely to arise before the turii of the 
century. 

Principal themes in the future dev^elopment 
of PA technologies include increasmg tfceir 
versatility arid power, enhracing their capa- 
bility to operate without human interveritidh, 
arid developing the abiUty^of the tools to be 
integrated. Researchers Emd rndustiy spokes- 
men report progress in virtually all the fun- 
damental technical ju-eas, although riiany of 
the currently identjfied problems in program- 
mable automationjffe^omplex enough to keep 
researchers busy for many yearitb come. Ac- 
cordingto many ^p^ts, the 19Ws may bring 
many major tecfinieal advances. which could 
significantly expand the range of problems to 
wKch programmable autbmati^^^ can be 
applied. 



Introduction 



The purpose of this chapter is to describe 
the technologies that together comprise "pro^ 
grammable automatiori/' and to evaluate their 
usefulness for mariufacturing. In addition, the 
chapter examines how the technologies ^e 
evblving arid what can be expected for the ca- 
pabilities arid applications of these tools. 

R ograrnrhable autbmatiori refers to a famOy- 
of techriblbgies that lie at the intersection of 
computer science arid mariufacturing engineer- 
ing. "Prograriririable'' mearis that they era be 
switched from brie task to another with rela- 
tive ease by charigirig the (usuaIly)j:omputer- 
ized instructions; automation '' impHes ihat 
they perfbrril a significan^^part of theh-^f^ 
tibris without direct human intervention. The 
cbriiriiori element in these tools that makes 
them different from traditional mariufacturirig 
tools is their use of the computer tb manipu- 
late and store data, and the use of related 
microelectronics technology tb allow coriMriu- 



nicatibh of data tb bther riiachiries in'^ the 

factory.* 

There are three general categories of func- 
tions which these tools perform— the^ m-e used 
to help desigii products^to help^«airf 
(both fabricate and assemble) products oh the 
factory floor» and to assist in mahagemerit of 
many factory operations. Table 5 butliries the 
principal technologies included in these cat^ 
gories, each of which will be described in the 
next section. 

♦Although "programmable autbmat«Mi'' is leas «)mmon than 
somaof the other terms usedjto desOTb* au 
gfes, it is arelati«dy simplaand unambiguoufl t«mlor the tools 
dj«niss«i here. "CAD/CAM" (computei^aideddesifi^i/cqmppter- 
aided manufacturing) is a cafch-all term used in industry jour- 
nals and poprtilarMtide* U^i^r^^^^ smiflar 
to the^tdef ined hereas progriuniM^ 
CAD/CAM is also used to describe some specific c»mmt^^^ 
design systems, or tb denote the integration of computer-aided 
design and manufacturing. Because of this ambigaity, the term 
will not be used here., l*Rpbpt^^^^^ 

sometimes used in a broad sense to mean not only rolwts but 
the whole family of automation tools. 
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' table 5.--Principai Programmable 

Autbmatlbh Technologies 

I. CdmpUter-alded design (CAD) 

A. CorrijDuter-aided drafting 

B. Cdmputer-alded engineering (CAE) 

il. Cbrnputerraided mahufacturihjg (CAM) 

A. Roboi$ _ 

B. Hamerically controlled (NC) machine Jlools 

C. Flexible manufacturing systema (RMS) 

D. Automated niaterials hanjJIlng (AMH) and 
automated storage and retrieval systems (AS/RS) 

ti 1. ToQls and St rategies f<3^ J]}3i^^!¥9^}^I}DQ rnanajgemerit 
A. Computer-Jniegrateil. manufacturing. (CiM) 
B: Management Iniocmatlon aystems (MIS) 
C. Computer-aided plannlng-(CAP) and computer- 

aided ' process plaririlng (CAPP) 

NOTE: Bold type Indicates technologies on which this report concentrates. 
SOURCE: Office of Technoiooy Assessment. 

The three eategbries of automation technol- 
ogies— tools for design, mahiifacturihg, and 
rhahagemeht— are hot mutually exclusive. In 



fact, the goal of much current research in autq- 
mation systems is to break down the bam 
between them so that desigp and manufactur- 
ing systems are uiextricably liW^ Hpwever, 
these three categories are usefid to frame the 
cQscussion, particxilarly smce they correspond 
to thejorganization of a typical manufactur- 
ing firm. 

Further, this report does hot attempt to 
cover each of the t^hhologies in equal d^^. 
It cohcehtrates ph thbse five which appear in 
bold type in table 5 b^ause they are the core 
technologies of PA and their pbtehtial uses are 
most extehsive. 



_ _ — — - 

Diserete Manufaeturmg 



_ Some background about manufacto 
important to provide a context for assessing 
the usefulness of these tools. Programmable 
automation can affect many lands of industry. 
This repiortiocuses on PA applicatibhs for dis- 
crete mahufacturihg—the desigh, manufacture 
and asserhbly of products ranging from bolts 
to aircraft. The report does hot systematically 
cover hbhrhahufacttirihg applicatibhs stich as 
architecture, or continuous-process manufac- 
turing— e.g., chemicals, paper, and steel. Other 
recent OTA r^drts have examined technolog- 
ical changes affectin|^ process industries.^ 

Electrbhies ihahufacturihg industries db hbt 
fit neatly ihtb a discrete v. process classifica- 
tibh. Sbme areas, particularly the fabricatidh 
of semicdhductdf s, mdst resemble -^ontinudus- 
process manufacturing. Other pdrtidns such 
as circuit bbard assembly are more discrete. 



Electronics, and Automobiles (Washington, D.C.: U.S. Con- 
gress, Office of Technology. Assessment. OTA-iSfeSS^iJuiy 
1982); Technology, and Steei tMus'^—CompeUtlvmes^^ 
(Washington, D.C.: U.S. Cbn^^ess, Office of Technology Assess- 
ment, OTA-M-122, June 1980). 



Because electrbhies industries have been lead- 
ers among metalwbrkihg finhs in both prbduc- 
:ihg and using cbhiputerized factory aiitbma- 
tibh, they play a key role in this report. 

To many industriaUsts, discrete manuf^^ 
turing means metalworking for mKhanical g>- 
plications— shaping^ fornM^^ finislnng ^ 
metals into usable prbducts^such as engine ^ 
blbcks^ However, ^ increasing proportion of i 
mechsmical parts msoQufactunhg ihvblves ^la3tv 
tics3ber cbmpbsites, brjhew, durable ceramf f 
ies. These hew materials both ehable hew prb- 
ductibh prbcesses and are themselves affected 
by autbmatibh techhblbgies. 

One way in whic^discrete manufacturmg 
plants can be categoriz^ that is especially rel- 
evant to automation applications is the vol- 
ume of a ^veh part that they produce. As fig- 
ure 1 indicates, discrete rhmufacfcurihg repre- 
sents a cbhtinuum from piece or custom prb^ 
ductibh of a single part to mass production of , 
mahy thbusahds. Althbugh ihahy people are 
most familiar with mass-prbductibn f a^ 
with their assembly and transfer lines^ it is 
estimated that mass prdductidn accduiits fdt 
dnly 20 percent df metalwdrking parts pro- 
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Figure 1.— Characteristics of Metalwdrklng Production, 3y Lot Size 
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duced in the United States, while 75 percent 
are made in a **batch" environment.^ The def- 
ihitidri of a batch*' varies according to the 
complexity of the J5art and the characteristics 
of the industry. A common characteristic of 
batch manufacturing is that there^ is not 
enough volume to justify specidized machines 
(known as **^hard automation") to automatical- 
ly produce th^ jmrt. The direct labor involved 
in fabricating products in batches is relative- 
ly high (as shown in fig. 1), and cbhstitutes a 
large proportion of the cost of the item. These 
characteristics of iatch manufacturing— its 
prevalence, and its low level of automation and 
correspondingly high level of labor content— 
are important, because they suggest a broad 
range of uses for prbgramrhable autdrhatibh. 

The Manufacturing Process 

Figure 2 illustrates the organization bf a 
hypothetical metalworking manufacturing 
plant^ Most of the elements in this diagram 
are present in some form in. eacli pilaht, al- 
though factories are trerhendbusly varied in 
size, nature and variety of products, and prb^ 
duction technologies. One autbmbbile factory 
in New Jersey, fbr example, assembles 1,000 
ears per day in twb mbdels {sedan and wagoii) 
with 4,000 employes; a srnall Connecticut ma- 
chine shbp, by cbritras*^, employs 10 people to 
make hundreds of different metal parts for 
aircraft and medical equipment, typically in 
batches of approximately 250.^ 

As illustrated in figure 3, the manufactur- 
ing process usually begins when management 
decides tb make a hew product based on in- 
fbrmatibh from its marketing staff , or (in the 
case bf the many factcwries which produce parts 
bf other companies' products) management re- 
ceives a contract to produce a certain part. 



_„^M._E. Merchant, 'The^Inexo Push for Automated Pro- 
duction," Production Engineering, imne^ .l_977i_pp._4i'49. 
This 75 perjcont figure has become something of a legend in the 
metalworking industry largely through- Merchant's writings, 
though he notes that he has lost track of the bri^d re^ 
for the statistic., WhyejU^ tQ subs tan Uate 
versity of metalworking industry, Merchant and pther i ndustiy 
experts cite it as a good rough estimate. Personal communica^ 
tibh. M. E. Merchant. Nov. 7. 1^83. 
*0TA work ehvirbnmeht case studies. 



Management sends the specifications for the 
size, shape> function, and A^siredperforrnance 
of the product to its design en^n^ring staff, 
who are responsible for developing the plans 
forjihe product.* In most compamea, design 
enpneers make a rough drawing of the pirbd- 
uct, and then draftsmen and design detailers 
are responsible for working out the detailed 
shapes and specifications. 

In some discrete manufacturing & 
sign may be undertaken at a distant location, 
or at a different firm. Automobiles, for exam- 
ple, are designed at central facilities, and the 
component subassemblies---e.g. , bodies, trans- 
missions, engines— are produced in plants aU 
over the world. 

The design bf a product, especisLUy a product 
of some cbmplexity/irivdlves an intricate set 
of tradeoffs between marketing considera- 
tions, materials and manuf actiuing costs, and 
the capabilities and strengths of the comjiany. 
The number of choices invoived in design is 
immense. Determining which of rnany alter- 
native designs is ** best" involves nialmig 
choices among perhaps 100,000 different ma- 
terials, eacli with different^characteristics bf 
strength, cost, and appearance; it also involves 
choices between different shapes and arrange- 
ments of parts whieh:^srill differ in ease bf 
fabrication and assembly (sbmetimes called 
**mahufacturability") and in performance. 

From the design, the production engineer- 
ing staff determines the **process plan"—ma- 
chines, staff^and niaterials winch wiH be tised 
to make the product. Production planning, like 
* design, involves a set of complex choices. In 
"aThaiss^Tproduction plant that manufactures 
only a few products, such as the autb plant de^ 
scribed above, production engineering is a rel- 
atively well-structured prbblern. With high 
volumes and fairly reliable expectations about 
the prbducts to be made, decisions about ap- 
propriate levels bf automatidh, for example. 



*In this descriptibh. as in the rest of the chapter, titles siich 
as "man agerjlj ' des ign engineer/* or ^'draftoman*' indicate the 
person who peri^r^ these ftmctions^ Inj^i actual qom^any the 
roles may be leis distinct, and boundaries between them fre- 
quently changing. 
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Figure 2.— Organizational Diagram of a Mahufacturirig Firm 
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Figure 3.— Steps ih the MahufactUHhg Process (Simplified) 
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are relatively strmghtfdrward. Ori the other 
hand, for a small ''batch" manufacturer such 
as the Connecticut machine shop referred to 
above, production engineering decisions can 
be rather chaotic. Such an environment in- 
volves almost continuous change in the num- 
ber and types of parts being produced (sizef 
shape, finish^ material), the tools and levels of 
skill needed to produce them, and uhprediet- 
ables such as machine breakdowns and inven- 
tory control problems. 

The steps in production are immensely var- 
ied, but most products typically require the 
following: 

1. Materials Aa/idii/ig".— Materials are 
brought from inventory to processing sta- 
tions, and from one station to another. 
Wheeled carts, forklift trucks, or convey- 
ors are typically used for this purpose^ 
Early in the production process, large 
parts are mounted on a pallet or fixture 



to hold them in place and facilitate ma- 
terials handling. 

2. Fabncation.--Therejs a vm- 
^^y_9i fabrication processes^ Plastic and 
cei:amic p^s are extruded of molded; lay- 
ers of composite fiber material are treated 
and "laid up." Tbe most common se- 
quence for three-diniensic)nal_(3-D) metsil 
parts is casting or forging, followed by 
rhachihihg. 

Figure 4 illustrates the basic machin- 
ing processes which are the core of metal- 
working. The shape and size of the metal 
part, as well as the desired finish and pre- 
cision, deteraiines the machine to be used. 
Some machine tools, such ais lathes, are 
designed for cylindrical I>arts, e.g., drive 
shafts or rotors. Others^ su^h as planers, 
are designed for prismatic withj^a- 
sically flat outer surfaces, e.g:y engine 
blocks. Abrasive cutting of metal pro- 
duces *'chips," the metal shavings re- 
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Figure 4,— Fundame ntal Operati on s In Met alwdrking 
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moved from the part, and these chips 
must be frequently removed from the ma- 
chine and recycled or disposed. 

Simple parts may be machined in a few 
rninutes; large, complex ones such as ship 
propellers may take up to a few days. The 
complexity of these parts is primarily a 
function of their geometry— a propeller, 
for example, has continuously varying 
and precise curves. Similarly, the com- 
plexity of a prismatic part depends oh the 
number of edges and required tolerances 
— i.e,,_the amount a part or surface can 
vary from its specified dimehsioris. Com- 
plex parts usually require machinihg on 
more than one machine tool. Including all 
machining operatidris, the total time from 
metal blank" to finished part rtiaj^ vary 
frbiri a few miriutes to a few weeks. Tb^ 
partially completed '*workpieces" await- 
ing further machining, finishing, a 
bly, or testing are knovm as wortin-pr^ 
ess inventories, and of ten_ represent a 
substantial investment for the manu- 
facturer. 

Finally, there are several kihds_of metal 
parts which are not machined. These in- 
clude sheet metal parts, which are 
stamped and/or bent in sheet^metal 
presses, and parts made by "powder met- 
: allurgy," a technology for forriiihg metal 
parts in near-final shape by applying ex- 
treme pressure and heat to metal powder. 

3. Fi/irsjfifng'.^M^y fabricStib processes 
leave burrs" oh the part which must be 
removed by subsequent operations^ in 
some cases, parts are also washed, 
painted, polished, or coated. 

4. A55en3fe7jp.— The finished parts are put 
tdgfether to produce a final product ox, al- 
ternatively, to produce "subassemblies" 
w&ich are portions of the final; product. 
In n^ost factories assembly is stiU primari^ 
ly a manual activity, although this phase 
of manufacturing is receiving increased 
attentiojR; ranging frbni design strategies 
that minimize and simplify assembly 
tasks to autbmatibh of the tasks them- 
selves. 



5. QaaEiy assxirahciB and cdntrbi.— There are ^ ^- 
many quality strategies. They can be di- 
vided roughly ihtb those that take place 
before or during f abricatibn and assembly 
(quality assurance or QA) and those that 
take place after a product or subassembly 
is cbmplete (quality control or QC]^ Quali- 
ty has been receiving increasing attention 
in industrial hterature and dlscuss^^ 
though the extent to which conipanies are 
actually paying niqre attention to quali- 
ty ori the factory floqris uncertain. There ^ 
appears to be a movement toward QA as 
opposed to QC in order to ehnanee quali- 
ty and prevent the production of faulty 
products, as opposed to detecting flaws 
after production. Strategies for QA range 
from quality circles^" in which a t^airi of 
employees helps address productibri is- 
sues which affect quality, tb iri-prbcess 
measurement of products as they are 
manufactured. In the latter, developing 
problems in production equipment can 
sbihetimes be detected and corrected be- 
fore the machine makes a badjpart^ Most 
cbrriplex prcxiucts are produced with some 

cbmbihation of QA and^C.^ 

Strategies for attaining the more tradi- 
tidnal quaUty control VEory^vddely accord- 
ing to the nature and complexity of tbe 
part. The dimensions of mechanical prod- 
ucts can be measured, either with rnanual 
instruments of with a Coordinate Meaaur- 
ing Machine or laser measurement device; 
or-the protoet can be cbrhpare^ 
known quality or tb a master gage. Elec- 
tronie prbducts can b^ tested with other 
electronic devices br jprbbes. 

This brief outline of the manufacturing proc- 
ess suggests some of the key jproblems in man- 
ufacturing. JJnderiymg eacK of these prbblems 
are the central eoheerns for any busiriess. 
those of minimizing cost arid risk. The prob- 
lems include: 



Information jffow:— In any company, 
small or large, the amount of irifoririatibri 
that must flow between and airibrig d^ 
sign, manufacturing, and rriariagerherit 
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stafMs^ Staggering. For example, in a 
design process involvmg several teams of 
people, how dpes one make sure that all 
desi^ and manufacturing persbhriel are 
working ff dm the mbst iip-t<>date set of 
plans? How can staff get up-tcRiate infor- 
mation on the status of a particular batch 
of parts, or the performance of a particu- 
lar rhachirie tool or iriariuf acturing depart- 
ment? How can the company keep track 
of work-in-process arid other inventory? 

* Coordinatioh.^Bey6h^ 
irifbrriiatidri in a tirilely fashion, the com- 
pany mUst Use that information to deter^ 
riiirie how to effectively coordinate its 
bperatidris. One set of such Jssues in- 
vblves coordination of design mid produc- 
tibri efforts. How can one design products 
which can be manufactured most effi- 
ciently with a given set of tools? How can 
one minimize the number of parts in order 
to facilitate assembly? Another set of 
coordination issues arises oh the factbry 
floor itself. What is the most effideht way 
to allocate macHnes arid personnel? Hbw 
does one adapt the schedule wheri cbridi- 
tions inevitably charijge (raw riiatefials 
don't arrive, prbdiictibri is slower than ex- 
pected, etc.)? 

• EfHdehcy.^Giveh a large set of choices / 
regardirig tools ^ persbririel, and factory or-/ 
gariizatibri, a cbriipany generaUj seeks to 
riiake the riibst products using the fewest 
resbiirces. This involves conceras such as: 
How can the company rcdnimize expen- 
sive work-in-process inventories? How 
can manufacturers maximize the percent- 
age of time spe^t m^ing pwrts, as bp- 

* posed to mqvjng them^ repairing: or set- 
ting up macMnes, and plaririirijg:? Hbw cari 
the use of expensive capital equipriierit be 
maxinraeci? Finally, quality issues with- 
in the production process cari have a large 
impact on efficiency. Hbw can manufac- 
turers maximize the number of products 
made right the first tiriie, and hence min- 
imize scrap, rewbrk to correct manufac- 
t unrig errbrs, arid testing? 



• Flexibility. —Increasingly, issue^ of flex- 
ibility arid re^)onsiveness in themanufac- 
turirig eriteiprise are pronunent for manr 
ufacturers, especially for traditional 
**mai3s production!' plants. Flexibaity is 
defined here as the range of products arid 
the range of volumes of Specific produc t 
which apiant can economicSly produce. 
Increased levels of competition, shorter 
product cydes, and increased demands for 
customized products are aome of the rea- 
sons for an emphasis on flexibility. This 
concer^rmses such questibris as: Hbw cari 
the turnaround tiine for desigri arid man- 
ufacture of a product be reduced? Hbw 
can the "setup" time_&r_prb<iiicirig a new 
product be reduced? What is the c^timum 
level of techriblbgy for bbth economy of 
prckiiictibri arid riiaxiriiiirii flexibility? 

F^pgrammable automatic offers iriaprbve- 
merits i^each of these four key areas of mari- 
ufa^tunng by applying cbriiputerized tech- 
niques to control tdb1l( of prbductibri tb gather 
Biid manijpulate irifbrmatibri about the riaanU- 
facturin^prbcess, arid tb desi^ arid plari that 
process. Further, the use bf PA prbmises for 
/many-manufacturers ari iricrease in their de- 
gree of control bver the enterprise. Many in- 
dustrialists argiie that the more closfely man- 
ufactuHrig processes are tied to one another^ 
arid the riibre irifbrmatibri is readily available 
about thbse pfcxesses, the less chsoice there 
is fbr hUriiari error Of discretion to introduce 
Urikribwri elements, into the operarion. Such 
cbritf bl is much harder to reaHze than it ap- 
pears in theory. The issue of control will be a 
recurrent theme in this and subsequent chap- 
ters of this report. j 

Iri smririlaiy, pf dgf ptimable automa^^ 
help make factories "leaner" and morej-espon- 
sive, herice reducing both ro^ risks in 

riiariUf acturing. It is not, however , a panacea 
for problems in manufacturing. Each factory 
has different appropriate^leyeb of autbmatibri, 
arid there are technicfd and^^ 
riers to implemraiting programmable autbriia- 
tion most effectively. PA's capabilities arid 
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characteristics frbrh a technical staxidpoint 
be elaborated in the rest of this chapter, 
begihnihg with functional descriptions of the 



technologies themselves. The orgaiiizatiohal 
and sodal concerns will be addressed at length 
in following chapters of the report. 



Functional Descriptions 



This section briefly describes the operation 
of each prograunmable automation twhnology 
and its applications in manufacturing. 

Gbmputer-Aided Design (CAD) 

In its simpler forms, CAD is an electronic 
drawing board for design ehguneers and drafts- 
men. Instead of drawing a detailed design with 
pencil ahd paper, these individuals work at a 
computer terminal^ instructing the computer 
to corhbirie various lines and curves to produce 
a drawing of a part and its specificati^^^ 
its more complex forms, CAD can be used to 
cbmrnuhicate to manufacturing eqmpment the 
specifications and process for niaJdng ajjrod- 
uct. Finally ♦ CAD is also the core of computer- 
aided engineering, in which engineers can ana- 




Photo crBdlt: Cincinnati MnBcron Corp. 

A designer works Oft a two-dimensional part drawLofl 
at a CAD terrnlnal. The "light pen," held Jn his right 
hand, can be used to pplnt to parts of the drawing arid 
give commands to the computer 



lyze a design and maximize a product's per- 
formance using the edmputerized representa- 
tion of the product. / 

The roots of computer-aided design t^^ 
dgy are primariljj^ in computer science. CAD 
evolved from research carried out in the late 
195b's and early 1960 's on interactive comput- 
er grjiphlcs— simply, the use of cdrnputer 
screens to display and manipulate lihes^and 
shapes instead of numbers and text. As S. H. 
Chasen of tockheed-Gedrgia describes the ra- 
tionale behind this research: "The ability qf 
the computer to spill but reams of geometric 
data haddutpae^ bur ability to cope with it."^ 
SKETCHPAD, funded by the Department of 
Defense (DQD) arid demphstrated at Massa- 
chuaetts Institute of T^hrioTogy in 1963, was 
a iriilestbhe in CAD development. tJsers could 
draw pictures bh a screen and manipulate 
them with a "light pen"— a pen-shaped object 
wired to the computer which locates points on 
the screen. Such early systems were expensive 
prototypes and reqiiired most oHhe computr 
irig power of the then-largest computers. As 
a consequence, most oHhe ear^us^s of CAD 
were aerospace, automobile, and electronics 
manufacturers. 



Several key developments in the 1 960 's and 
1970's facilitate the maturation of CAD tech- 
hblogy. Th^ included the continiiing decrease 
in cost of computing power, egpOTa% with the 
development of powerful mini- and m^^ 
puters, which were primEuily a result of e^^ 
tronics manufacturers learnmg to squeeze 
more and more circultiyinto an iritegrafccid cir- 
cuit chip. Another Impwtaht technolbgicail ad- 
vance was the development of cheaper, riibre 



*S. H. Chasen, <'Histdncal Highlights of InU^ 
Graphics," Mecheuucal Enf^e&r^^ November 1981, pp: 22-41: 
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efficient display screens. In addition, comput- 
er scientists began to devebp very powerful 
prbgramirig techniques for manipulating com- 
puterized images. 

How CAD Works.^There are various 
schemes for input of a design to the computer 
system, each with its advantages and disad- 
vantages. Every CAD system is equipped 
with a keyboard, although other devices Bre 
often rnore useful for entering^and manipulat- 
ihg shapes. The operator can point to areaaof 
the screen with a light pen or use a graphics 
tablet, which isjMi electronicaHy touch-sensi- 
tive drawing board; a device called a ** mouse" 
can be traced on an adjacent surface to move 
a pointer around on the screen. If there is al- 
ready a rough design or model for the prod- 
uct, the operator can use a **digitizer" to read 
the contours of the model into cbrnputer mem- 
ory, and then manipulate a drawing of the 
model on the screen. Finally, if the part- is 
similar to one^that has already been designed 
using the GAD system, the operator can recdl 
the old design from cbrnputer memory and edit • 
the drawing bri the screen. 

CAD systems typically have a library of 
stored shapes and commands to facilitate the 
input of desi^s: There are four basic functions 
performed by a CAD system which can en- 
hance the pr^uctivity bf a designer or drafts- 
man. First, CAD allows **repLication," the abil- 
ity to talce part of the image and use it in sev- 
eral other areas bf the design when a product 
has repetitive fBatures. Second, the^ystems 
can **translate" parts of the image from one 
location bh the screen to another^ Third is 
**scaling,^' in which CAD can **zooni in" on a 
small part, or change the size or proportions 
of one parte of the image in relation to the 
bthers. Finally, '^rotation" dlows the bperator 
tb see the design from different angles br per- 
spectives. Using such commands, opera ^brs 
can perform sophisticated manipulations bf 
the drawing, some of which are difficult br im- 
possible to ac^eve with pencil and paper. Re- 
petitive designs, or designs in which one part 
of the image is a small mbdificatibri of a pre- 
" - vious drawing,^can be dbrie much more quick- 
ly through CAD. On the other hand, CAD can 



be cumbersome^ especially Jor iriexperjehced 
Users. Drawing stn unusual shape rriay be^ fairly 
straightforward with a*peneil,_but quite com- 
plex to accomplish using the basic lines and 
curves in the system's library. 

The sirnplest CAD systems are tw6-dimen- 
sibhal {2-D), like pencil-and-paper drawings. 
And like sets of those drawings, they can be 
used tb model 3-D objects if several 2-D draw- 
ings from various perspectives are ebmbiried. 
Fbr some applications, such as electronic cir^ 
cuit design, 2-D drawings are. sufficient. Mbre 
sophisticated CAD systems have been devel- 
oped in the past few years jvluch allbw the 
operator to construct a 3-D irnage bn the 
screen,* a capability which is particularly use- 
ful for complex mechanical products. 

Mbst CAD systems include a few GAD ter- 
.rnihals connected tg a central mainframe br 
' minicbmputer, although some recently devel- 
oped systems use stand-flone micrbcbrnpUt- 
ers. As the operator produces a drawing, it is 
stored in computer memory, typically on a 
magnetic disk. The collectibri bf digitized 
drawings in computer storage becbmes a de- 
sign data base,_ and this data base is then 
readily accessible tb other designers, manag- ^ 
ers, or manufacturing staff. 

CAD operators^ave several options for bUt- 
put of their design. AH systems have a plot- 
ter, which is capable of producing precise and 
often multicolor paper cbpies of the drawing. 
Sojne systems can generate copies of the de- 
sign on microfilm or micrbfiche for compact 
storage. Qthers arec&pable of generating pho- 
tographic output. In mbst cases, however, the 
paper output frbrri CAD is much less impor- 
tant than it is in a manual design process. 
More important is the fact that the design is 
stored bh a cbmpUter diskr it is this version 
which is most Up-to-date and accessible, and 



*ln a practicsd sense, any image oil acomiiuter screeii is two- 
dimensional. The difference between a "3-D" image as discussed 
here and any other 2.p_drawing that appears threeKlime^^^ 
(e.g.. a painting, a photograph or any: drawng with Perspec- 
tive) is that this image, unlike a paper drawingi. can be 
manipulated as if it were a real 3-D object: For example, the 
operator can instruct the CAD system to rotate the object, and 
he/she then sees another face of the object. 



5^ 

o 

ERIC 



Ch, 3— Programmable Automation technologies • 45 



Illustration credit: Computeryislor Corp. 



The designer has removed a section of this threij-dirrien [fTiage in order to better visualize 

part relationships and assembiy information 



which will be modified as design changes 
dcciir. 

The CAD aystems described above are es- 
sentially draftsmen's versions of word proc- 
essors, allbwirig operators to create and easi- 
ly modify ah electrbriic versidh of a drawing. 
However, more sophisticated CAD systems 
can go beyond computer-aided drafting in two 
important ways. 

First, such systems increasingly allow the 
physical dimensions of the product, and the 
steps necessary to produce it, to be developed 
via the computer and cbinrhunicated electrdh- 
ically to computer-aided rriahufactUririg eqtiip- 
rnent. Some of these systerris present a graphic 
simulation of the machining pfdcess on the 



Icreen^and guide the operator step-by-step in 
planning the machining process. The CAD 
system can then produce a tape which is fed 
into the machine tool controller and used to 
guide the machine tooJ path. Such connectibhs 
from cbrhputer-aided design equiprneht tb 
computer-aided rhahufacturihg equipment 
shbrtcut several steps in the cbriyeritidnal 
rnahufacturihg process. They cut ddwh the 
time necessary for a manufacturirig engineer 
tb interpret design drawings and establish 
machining plans; they facilitate prcM^ess plan- 
hirig by providing a visualization of the ma- 
chining process; and they reduce the time nec- 
essary idr machinists to interpret process 
plans and guide the machine tool through the 
process. 
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Second, these more sophisticated CAD sys- 
tems serve as the core technology for many 
forms of computer-aided engineering (CAE). 
Beyond usmg computer ^aphics merely to 
facilitate_drafting and design changes, CAE 
tools permit interactive design and analysis. 
En^neers can, for, example. Use comp uter 
^aphic techniques for simulatidh and amma^ 
tion of products, to visualize the operation of 
a product ar to dbtaih an estimate of its per- 
formance. Other CAE programs can help en- 
gineers perform finite element an^ysis—es- 
sentially, breaking down complex mech^cal 
objects into a network of hundreds o£ simpler 
elements to determine stresses and deforrna- 
tibns. Computerization in general made finite 
element analysis feasible for the engineer's 
use, while CAD systems make it sighifiQaht- 
ly l^ss cumbersome by assisting the engineer 
in breaking down the object into **elemehts.'' 

Many of these analytical functions ^e de- 
pendejtit on 3-D CAD systems which can not 
only draw the design but also perform "solid 
modeling"— i.e., the machine crni ceflculate and 
display such solid characteristics as the vol- 
ume and dehisity of the object. SoHd-modeling 
capabilities are among the most complex fea- 
tures of CAD technology, and will be dis- 
cussed in more detail in later sections of this 
chapter. 

AppUcations.^ At the end of 1983 there 
were an estimated 32,000 CAD workstations 
in the United States.' 

Aerospace and electronics uses of CAI3 Jiave 
always led the state of the art. For example; 
the Boeing Comrnercial Airplane Co^, which 
began using CAD in the late 195d's, employed 
the technology extensively in the design of its 
new-generation 757 and 767 mrcraft Boeing 
uses CAD to design families of similar parts 
such as wing ribs and floor Beams. CAD allow^ 
designers to make full use of similarities Jje- 
tweeh parts so that redesign and redrafting 
are minimized. Moreover, CAD has greatly 
simplified the task of designing airplane in- 



teriors and cargo corripartments, winch are 
often different for each plane. Moving seats, 
galleys, andlavatbries is relatively smiple with 
CAD, and the system is then used to generate 
instructions for the machines which later drjOl 
and assemble floor panels according to the 
layout. FinaUy, Boeing uses CAD and related 
interactive computer graphics systems as the 
basis for computer-aided engineering apphca- 
tions such as checking mechmusm clearances 
and simulating flight performance of various 
parts and systems.* 

Cdmputer-aided engineering has also be- 
come important in the automobile and aero- 
space industries, where weight can be a critical 
factor in the design of products. These indus- 
tries have develop^ CAE programs which can 
optiftiize a design for minirriUm material used 
while maintaining strength. 

Applications for the design of integrated cir- 
cuits are similarly advanced. Very large-scale 
integrated (VLSI) circuits, for example, have 
become so complicated that it is virtually im- 

»W D Beeby. (former) birectorof Engiri^eririg Computing 
Systems. Boeing X:ommerciaI Airplane^Co, ^' Applications o^ 
Computer^Aid^ Design on the 767" (Seattle: Boemg, 1983). 
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WuBtratlbh credtt: General Motors Corp. 



■^Source; Dataquest. 



A computer-aided-engineeriag system developed 
General Motors Research taboratorles.can help 
deslgners_de:velopparts which aro 
vet are-capabJe of performing under the stracturai 
loads The CAE system trJes to make the part thinner 
and lighter with each step; shadlng.cMnges which 
appear on the computer screen show sim.u a_te_d_^tres? 
levels within the design limits for this part 
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possible f a person to mmuaUj^kegp trj^^ 
of the circuit paths and make^sure the pa^ 
are correct. Ther^ is less need here for geomet- 
rically sophisticated CAI^ 
circuit deji^s are essentiffly a few Jayers.^f 
two-dimensional lines); and more needjfbr com- 
puter-aided en^neering systems to help the 
designer cope with the intricate arrahgerneht 
of the circmt pattern. Such GAE programs are 
used to simulate Ihe perforrnance of a circuit 
and checkit for **faults,'' as well as to optimize 
the use of space on the chip.'' 

CAD is also begiraiing tobe used forvnon- 
aerospace mechanical desi^, and in sm^er 
firms; thesji developments are being spurired 
on by the marketing of relatively low-priced 
* 'turnkey ' * systems— complete packages of 
software and hardware which, theoretically, 
are ready to nse as soon as they are delivered 
and ifistaHed. While a standard and reasonably 
powerful system based oh a minicbinputer is, 

'S: B: Newell, A. J. da Geus, and R._A^Rphrerj *^Pe8ign Aut<> 
matidh for Integrated Circuits," Science, Apr. 29. 1983, pp. 
465-471. 




typically in the $500,000 range, many smaller 
microcomputer-based systems have been in- 
troduced in the past year for under $ldd,0()d, 
in sbrne cases for as low as $l(),ddd to $20,000. 
Very Idw-cdst systems which nm on common 
micrdcdmputers have been intj-oduced, and 
these have potential uses in a ^dde variety o^ 
futns whMi otherwise might not consider 
CAD (see chl 7). The cost of custoin;d^elope<}, 
specialized systems such as those described 
above for ajerospace and electronics applica- 
tions is harder to gauge but runs weH into the 
millions of/ dollars. 

The potential advantage of CAD for large 
as well as smalLmechanic^ manufacturing 
firrns is that it addresses several of the prob- 
lems in manufacturing referred to at the bee- 
tling of this ^chapter. It Jacilitates use of pre- 
vious desigas, and jdlqws design changes to 
be processed more quic^. Because GAD re- 
duces the time necessfitiy for rnahy design 
tasks, it can also inaprbve design by allowing 
desigaers to^* try out" a dozen or a hundred 
different variations, where previbus^^ they 
mig^it have beehJimited to building perhaps 
three of four prototype models. It also allows 
many df avangs to be constructed more quick- 
ly, especijily with an experienced CAD oper- 
ator. Gornpa^risbhs of design time with CAD 
range frbrn 0,5 tb 100 times as fast as manual 
systems, with 2 tb 6 times as fast being typi- 
c^.* For instjbice. Prototype and Plastic Mold 
Cbrp^; in MiMoletown, Conn., isja small_firm 
that^uies CAD to design short-lived metal 
molds fbr plastic parts. The fiiTn> president 
reported that desijpis could beproduced with 
CAD roughly twice as fast a^ previously. Fbr 
example, they received spepficatiohs for a 
plastic part mold by air express one Saturday 
morning^ and planned to return the^esign 
drawings by mr egress thatj evening-- a feat 
which, they reported, would Have been impos- 
sible without CAD.** i 



Photo credit: Computervlslon Corp, 



CAD systems are used frequeritly Tri eliactrbhics 
industries to design and ana^ 
complex circuit patterns 



*Mah^ dt these estimates rept«seht cbmpmsoii^ of the time 
necessary for a ver^naiTowly defined task, and exclude time 
necessary for related tasJks on a CAp system 
u{ithe^ machine, mastpolating fiiea, or recovering from a ma- 
chine failure. - — 

**OTA site visit. Prototype and Plastic Mold CorpM Mid- 
dletown^ C<>nn.x June_3t 1983^ Q^scientist hM 9^^.*^?f^ 
the time savings would be even more striking if Protot3i>e and 
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Other applications of CAD, tto 
directly connected to manufactimng, inclnde 
mapping, architecture drawing and design, 
graphics for technical pubKshinig, and anima- 
tion and special effects in cinematography. 

Gdmputer- Aided Manufacturing (CAM) 
Teehholbgies 

ebmptitef-aided mii£ufacturing (CAM) is a 
widely used term in industrial literature^ and 
it has various meanings. Here it is defined sim- 
ply as those types of progreunmable automa- 
tion which are used primarily on the factory 
floor to help produce products. The following 
sections provide functional descriptions of four 
. C AM tools: robots, nuffiericaUy controlled ma- 
chine tools, flexible manufacturing systems, 
and automated materials handling systems. 



Robots 

Robots are manipulators which can bepro- 
grtoied to move wbrkpieces of tools along 
various paths. Most dictionaiy definitions. d^._ 
scribe robots as * 'human-like, " but industrial 
robots bear little resemblance to a human.* 

There is some controversy over the defini- 
tion of a robot. The Japan Industrial Robot 
Association, for example, construes almost 
any\ machine that maiupiUates objects to be 
a robot (essentially ihcludihg the "hard auto- 
mation" mentibhed earlier), while the dft- 
qubted Robotic Industries Association (RI A) 
definition** emphasis as that the robot must 



Plastic Mold's staS could hayejr^^ ^/o^' 
iTiatioa by telephone computer links; such activities have begtin 
to be fejasible within the last few years. . 

♦In this sense the technical usa^ of the term '*robot" dif- 
fers from its dictionary definitibp (and from its roots in Htera- 
tore. in particular Karel Capek's. 192^^ 

trmva^^nobot3) AFwit^sdc Melodraina. jGarden Ci^^NTj 
Dbubleday, Pa^ & Co . , 1953). A robot whicK resembled a 
human would S an **andrbid." in robotics parlance: Such a 
machine has not beeiLdesign^^^^ ?PP^*'^ ?^ 

be substantial movement toward human-like rpj^ts je^^ 
perhaps for motion pictures and other entertaiwnient purposes]. 
Later sections of this chapter will discuss adding certain an- 

throppmorphic cha^^^ 

♦♦RiA^a trade association of rofetjnanu|acturers,^^^^^ 
ants, and users, formerly the Robot Insdt^te pL Amelnpa) 
defines a robot as a **reprograminable multi^ 
ulator des^ign^ to move matm ^^^^ ^^ ^^P^^^^ 

devices, through variabjeprograined motions for the perform- 
ance of a variety of tasks." 




Photo credit: Cincinnati Mifacroh Corp. 



A robot ased for welding 

be flexible, or relatively easily changed from 
one task to another. The RIA definitibn thus 
excludes preset part-transfer machines used 
for decades as a part of large-batch and mass- 
production systems,^ whose path can berfianged- 
only by.meehasiically reworking or rearrang- 
ing {the device. Also excluded are "manual 
m£impulatbrs" or "teledperatdrs''--devices 
directly controlled by a human such as those 
for remote handling of radioactive material. 

As OTA observed in ah earlier report on 
this subject,* todustnal robots have a dual 
technologic^ ancestry, emerging from: in- 
dustrial en^eering autbmatibn technology, 
a discipline ±hat stretches historically over a 
century; and 2) computer science and artificial 
intelB^nce* iechholb^ that is only a few 
decades old,'' Indeed, there is still a dichotomy 

_ ^Exploratory Works&op on ibe Social Impacts of Robotics: 
Summary^d Tssu&s (Waahmgton;_D.d U.S. Congresst Office 
of Technology Assessment, OTA-BP-CIT-IX, Febroary.1982): 

•Artifidal intelligence resoeurch seelw^ 
systemd that can perform tasks which are ordinarily thought 
to require human intelligence. 
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ty, or mtelKgence of humans. A more acciirate 
term for these niacHines might be **pro^am- 
mable manipulator." Nevertheless it is clear 
that much of the great popular interest in ro- 
botics is rooted in the prevaiUng vision (or 
nightmare) of intelligent robots with human- 
like characteristics. Artificial intemgencejwill 
be discussed in more detail in the **Technic^^ 
Trends and Barriers" section of this chapter. 

How Robots Work.^TYiere are three rnain 
parts of a typical industrial robot: the control- 
ler, manipulator and end-effector. The con- 
troller consists of the hardware and software— 

usually involving a microcomputer or rnicro- 

electronic _ components— wWch Vguid^^^ the 
motions of the robot and through which ihe 
operator programs the machine. The manipu- 
lator consists of a base, usually bolted to the 
fioor, an actuation mechsuoi^sm— the aectri^ 
hydraulic, or pneiiniatic_apparaius which 
moves the arm— and the arm itself, which can ^ 
be configured in Various ways tp rnpye 
through particular patterns. In the arin,^* de- 
grees of freedom"— basically, ^he number of 
different joints— determine the i"(^t's dexter- 
ity^^s-\\:ell as its coniplexity ^d. cost. Final- 
ly, the end-effector, usually npt sold as part 
of the robot, is the gripper, weld gun, or other 
tool which the robot uses to perform its task. 

The structure, size^ and complexity or the 
unit varies depending on the^appUcatibn and 
the industrial environment. Robots designed \; 
to carry lighter loads tend to be smaller , and n 
operated electricaBy; rnany hea\der units move 
--their-mianipulator liydrauUca^ Some of the 
simpler units are pneumatic. Some of the 
heaviest irnaterial-handling robots and the 
newer Hght-assembly robots are arranged 
gantry-style, that is, with the manipulator 
hanging from an overhead support. A few ro- 
bots are mobile to a limited degree, e.g., they 
can roll along fixed tracks in the floor or in 
their gantry supports. 

Similarly, there is a great variety of end- 
effectors, particularly grippers, most of which 
are .customized for particular applications^ 
Grippers are available to lift several objects 
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at ©nee, br.td grasp a fragile object without 
damaging it (see fig. 5). 

Pro^aining:^— There are essentially two 
methods of prograinihg a robot. The mdst 
commonly used method is ''teaching by guid- 
ing." The worker either physically guides the 
robot through its path, or uses switches on a 
control panel tomove the arrri. The controller 
records that path as it is **taUght." Just begin- 
ning to emerge is **offline programing, '' where 
ah operator writes a program in computer Imi- 
guage at a cbrhputer terminal, and cQrects the 
robot to follow the written instructions. 

Each method of programing has advantages 
that depend on the application. Teaching by 
guiding ?s the simplest and is actually superior 
for certain operations;^pray painting is ah ex- 
ample where it isjiseful to have the operator 
guide the robot arm through its path, because 
of the continuous, curved motions usually nec- 
essary for even paint coverage. However, 
teaching J)y guiding offers minimal abiLity to 
**edit" apatfi— i.e., to modify a poirtibn of the 
path without re-recbrdihg the entire path. Off- 
line pro^aming is useful for several reasons: 
1) prbductibh heed hot be stbpped while the 
robot is being programed; 2) the factory floor 
may be' ah ii3ibspi table environinent for pro- 
grahiihg, whereas offline progrgumng can be 
done at a computer terminal in jm of fic^ 
cbmputef -aided manufacturing technologies 
become more advanced and integrated, they 
will increasingly be able to automatically gen- 
erate robot programs from design and rnahy- 
facturing data bases; and 4) an offline, writ^ 
ten prograni cjui better accbmmbdja^^^ rhbre 
complex tasks, especially those in which 
''branching" is involved (e.g., **if the partis 
not present, then wait fbr the next cycle"). 
These branching decisions require sortie kind 
of mechraism by which the robot can sense 
its external ehvirbniheht. However, the vast 
msgority of rbbbtic devices are unable to sense 
their environment, although th^ may have in- 
ternal sensbrs to prbvide feedback to their con- 
trbller bn the pbsitibri of the arm joints. 
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Figure 5.— Sample Robot Grippers 




For small diamelers Internal. 3 fingers Fitted to the diameter Fitted to the length 




Vacuum corrugated surface Balloon lifter, bottles Magnet lifter Magnet lifter 



SOURCE tech Tran Corp . Industrial Robots A Summary and Forecast. 1983, 
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SeiJ5ors.— Devices for sensing the external 
envjfohment,whUe^ often used im eon junction 
wi^robots, are a growing technology in therti^ 
selves. The simplest sensors answer the ques- 
tion. Is something there or not?" For exam- 
ple, a light detector mounted beside a convey- 
or belt can signal when a part has arrived be- 
cause the p^t breaks a light beam. Somewhat 
more complex are prdximity sensors which, by 
bouncing sound off objects, can estimate how 
far away they are. The techticldgy for these 
devices is fairly weU'established. But the most 
powerful sensors are those wWch can interpret 
visual or tactile information; these have just 
begun to become practical. 

Ideally, vision sensors could allow a robot 
system to respond to changes in its environ- 
ment, andinspeet products, as well as or bet- 
ter than a human could. However, using com- 
puters to process images from a video camera— 
has proven to be an extraordinarily difficult 
programing task. Routine variations in light- 
ing, the cbrnplexity of the everyday environ- 
ment^ commdii variations in shape or_texture, 
and the difference between a 2-D camera im- 
age and a 3-D world all complicate the task 
_of-^bmputer-processing of a_videodmage. : 

©ther kinds of sensing devices, from prox- 
imity sensors to touch and force sensors, have 
received rnuch less atteritidri than niachine vi- 
sion, but they also could play an importatit 
role in the factory environment, paurticularly 
for assembly applications. Seiisors wiH be dis- 
cussed in greater detail later in the chapter. 

AppUcatiohs, —Table 6 displays some of the 
most recent robot use estimates. Figure 6 es- 
timates J^he robot sales and total use in the 
United States for the next decade. Such sta- 
tistics should be interpreted with caution, 
however. In particular, the number of robots 
in use is a highly imperfect measure of the lev^ 
el of automation and niodernization in mi in- 
dustry or country. Process changes in manu- 
facturing which increase productivity may ^or 
may not include robots. As one report on in- 
ternational use of robots observes:^ 



It is also important that robots be viewed 
as part of the overall changes taking place 
in maiiufacturing concepts w increas- 
ing diffusion of automated manufacturing 
equipment, including computer-aided manu- 
facturing and iximputer-fidded design sys- 
tertis. The impact of new production ccm- 
cepts, equipment and systems bh productidh 
control and machine utilisatidh, inventory 
cdhtrdl and management effi^ciency will to- 
gether have a much greater productivity im- 
pact than the industrial robot aldne. 

As noted earlier in this chapter, Jhterha- 
tional comparisons of robot ''populations" are 
also plagued by iheonsistehcies in the def- 
inition of a robot, particularly between the 
United States and Japan. Regardless df the 
definitioh ofTobbt used, Japan leads the world 
in number of robots in use. The reasons for Ja- 
pan's emphasis on robot technology include 
--aJiistdricaLshbrtage-df labdr, and a tendency 
to devote rndre engineering expertise to man- 
ufacturing pfcM:esses than does the United 
States. In addition, the United States faced 



Table 6 — (Dperating Robot Ihsiallatidhs, End df 1S82 



Country 



Number -Pe rcent df-tot a l- 



•dECD. *;.Robots: The Users arid the Makers," The OECD 
Observer. July 1983. 



Japah 31,900 66 

United States 6,301 .13 

West Germany 4,300 ? 

Sweden..::::::::::::::^:.: 1,450 3 

IJaly 1,100 2 

France ?93 2 

United kingdom 977 2 

Belgiam 305; t 

Poland 285 t 

Canada 273 T 

Czechoslovakia 154 T 

Finland... 98 f 

Switzerland 73 t 

Netherlands 71 t 

DehmarR 63 T 

Aus_trla_i^ .... . ' 50 T 

Singapore 25 f 

Korea 10 t 

- Total 48.428 

TLess than 1 percent. _ _ _ _ - 

Kibte: this table does riot JncluaeJ9,000_':v.arLa6J£ aaquenced.m.anipylatprs'; 
wWc h Ju-e- Inc ludBd J n_ t he. BJLA ' a e^ 1 1 m at e to r_F ran ce, S t at I s M c s o n ro bo t s d I f f e r 
because of dlfferln^deflr^ltlons of a robot, because of dljferervt rriethdddidgies 
Jor collecting data, and because "bperaUrig robot IristalUtlrms" (aa_used l.n this 
table) may dlifer froni "r.6bot.populallQiU!'_wh[ch Includes sprne robot sjn labora- 
tories and others not yet In use. A December 1983 study by the U.S. Injernajlonal 
Trade Commission, for example ("Competltjve Posltlofv of U.S. ProducejS-Of 
Robotics Iri Dorriestic arid-Wbrid Markets") oJ«easHQhtly dllferenJ llgUTesL'or.robpt 
population m the United States and West Germany (7,232 and 3,500, respectively). 
SOURCE: Robot Institute of America WoTtdw)de noboacs Survey anci Directory, 
1983: 
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Figure 6:— Actaal and Projected U.S. Annual Robot Sales and Installed Base Through 1992 

150 r- ■ 




1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 

Year 



NOTE- the projections alx>ve are highly speculative. Robot sales have hot o>6wn4iesrty asfaal^as^SioalJiidusljy and one.lnduatry analyst 

suctjests that the above Uquib^ may be as_mDch_i»8_30_tD5(LporCflnt too h<oh, {E. L Preaident, Palne,_Webb«r, Mitche^^^^^^^ 

pfiraQQaL(ioromynlC8tfon_,Feb._7, 1964). Onjhe other hand, rqbpt vendors and the Robotic IndustrJes Association stU] beHeve that ajremendoua upaurge 
In robot sates l3_fprthcornlng, and the projecjlons above may even be|bb Ibw.jL. Lachbv^lcz, Robotic Industries AsaoclaHoh, personal commuhlcatlon, 
Fob. 7, 1984). See ch. 7 for further discussion of the robot Industry arid Its prospects. 



SOURCE Tech Tran Corp . industrial Robots: A Summary and Forecast. 1983, 
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labor surpluses throughout the 1970's, which 
tended to induce manufacturers to Use labor 
^nstead of equipment in product ibri. Chapter 
9 will discuss ihternatiorial comparisons in 
more detail. 

Sophistication in repro^ammabiUty, as well 
as size and degrees of freedom, are some of the 
key cost factors for an industrial robot. A sim- 
ple **pick-and-place'' machine with_2 or 3 de- 
grees of freedom costs roughly $5,000 to 
$30^000, while more complex programmable 
models, often equipped with inicr^bmputo 
cost approximately $25,000 to $90,000 and 
up.'^ 

Table 7 lists some of the potential applica- 
tions for industrial robots. Many of the first 
applications of robots have been for particular- 
ly unpleasant or dangerous tasks. One of th^ 
earliest uses, for example, was for loading and 
unloading die-casting: rhachihes, a hazardous 
and unpleasant task becauye of the extreme 
heat. The best-known uses, however, have 
been in spray painting and spot welding in the 
auto and related industries. Iri these applica- 
tions, robots have prdveh to be useftil for per- 
forming particularly hazardous and monoto- 
nous jobs while offering enough flexibility to 
be easily adapted to changes in car models or 
body styles. 

There are a number of motivations behind 
the use of robots on such unpleasant jobs. Im- 
provement of job conditions (and, consequent- 
ly, worker morale) is one of them, though it 
may not be the primary one. Such jobs often 
have high worker turnover and incqnsisteht 
product quality because of their unpleasant- 
ness. Also, cdmphance vdth the occup 
safety and health regulations that protect p^ 
pie jperfdrming these tasks adds to production 
costs. In addition, tasks like spray painting 
and spot welding are often relatively ^easy to 
automate because the paths the robot Js to fol- 
low are predictable, and the tasks are repeti- 
tive and require Bttle sensing capability. 



"^E. Lustgarfen, Vice President, Paine. Webber, Mitchell, 
Mutchins, Inc., personal cbirirnuiucation. 



table 7.— Exairiples of Current Robot Applications 



Material HandUng: ^ • 

• DapaJielizins whejeL conveyors 

• Transportiofl e_x^!psive_devices 

• Packaging toaster ovens 

• Stacking engine parts 

• transfer of auto parts frorri machine to overhead 
conveyor 

• Transfer of turbine parts Jroni one conveyor to another 

• Loading transrT)ission cases from- roller convveyor to 
rnonbrail 

• Transfer of finished auto engines frorri assembly to hot 
test ' 

• Processing of thermometers 

• Bottle Joadihg . . 

• Transfer of glass from rack cuttiiig line 

Machine ToadlngAjntoadrhg: 

• Loading auto parts for grinding 

• Loading auto.cgmppnents jnld test machines 

• Loading gears onto CNC lathes 

» Oriehlirig/loading transmission parts onto transfer 

iriachiries 

• Loading hot fbrrri presses 

• Loading trans_missLon_rlnj gears onto vertical lathes 

• Loading of electron beam welder 

• Loading cylinder heads onto transfer machines 
f Lpadlhg a punch press 

• Loading die cast machine 
Spray j}ajntlng: 

• Painting of ajrcraf_t_parts bri autbmated line 

• Painting of truck bed 

• Painting of underside of agriculturaLequipment 

• Applicatibri of prirtie coal to truck cabs - 

• A p pU c>ti o n of t h e rm al m at e ri al to ro c ke t s 

• Painting of appliance components 

Welding: 

• Spot welding of auto. bodi_es 

• Welding front-end loader buckets 

• Arc welding hinge assemblies on agricultural 
equipment 

• Braze alloyLngrOlALrcraft seams 

• Arc welding of tractor front weight supports 

• Arc welding of auto axles 
Machlhtng: 

• priliirig al ijrti in Urti panels ort aircraft 

• MejajJLash rerpbv^^^^ casings 

• Sanding missile wings 

Assembly: 

• Assembly of aircraft parts (used with auto-rivet 
equipment) 

• Riveting srtialj assemblies 

? PrJiUoS and fastening metal panels 

• AssembJing appliance switches 

• Inserting and fastening screws 

Other - 

• Application of two-pan urethane gasket to auto part 

• Application of adMesjve 

• Indue Hon ha rd e ri i ri g 

• Inspecting diniensjons on parts 

?_Jiispection of hole diameter and wall thickness 

SOURCE: Tech Tran Corp.. industrfal ndWots: A Summary and Forecast. 1983. 




ERIC 



Ch, 3^Programmable Automaiioh Techndtogfes • 55 



While spot welding, spray painting, and 
loading/uriLoading applications Save been the 
primary uses for robots, ma*easiiig sophistica- 
tion in programmabiKty and in sensing is en- 
abling appKcatibns such as arc welding arid 
assembly. 

As an example of such an application^ a 
welder at Emhart Coipi's United Shoe Man- 
ufacturing plant in ^eyerly, Mass., uses a 
robot to arc-weld frames for shoemakijQg ma- 
chine]^* (see ph6t6).:He welds several dozen 
identical ffsme units jtt a time; each frame unit 
requires perhaps a dozen 2-ihch welds to at- 
tach reinforcing bars to a st^ sheet. The weld- 
er clarhps the first sheet arid reinforcing bars 



*OTA site visits EmhartCorp., United Shoe Manufacturihgi 
Plant. Beverly, Mass.. June 28. 1983, 



Qiitb a table. Using directional buttotiron a 
''teach peridMt"— a portable panel attached 
to the robot's cbritrbller— he d^ects the robot 
to the spot where it is to begin the first weld. 
He pushes a button to record that location. 
Still Using the teiich pendant, he rnqyes the ro- 
bot to the end of the weld md records that lo- 
:catidn. Then he presses jt button which in- 
structs the machine toj Veld ^straight line 
from the first point to' the second. " After re- 
peating this process Jot each of the dozen 
welds, he g^ves the conmiandibr the robot to 
begin welding, and the robot Jbllbws the path 
it has been J4ed tfirou^"— this time with its 
welding gun on. For each subsequent identical 
frarne unit, all that is required is to clamp 
down tbe parts in the sariie locatibri as the 
brigirial set bri which the riiachirie was 




Photo credit: Emhart Corp. 



Welder Pete Bblgisr at Emhart's United Shoe Manufacturing Plant uses a "teach pendant*' to:program arobot to weld 
parts of a metal frame, below left. After the robot is taught the cbrrect steps^it can rejDeat those steps withjts welding 
gun on, while the operator can set up another frame bri ari adjacerit table br perfbrni bther duties 
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**taugfit/* signal the rhachirie to begin, and 
then inspect the welds after the machine com- 
pletes its program. The robot ctotroUer can 
store several programs, so that the operator 
^an/Use the robot to weld different types of 
/frames in any order he chooses, as long as he 
7 sets up the steel plates and reinforcing bars 
/ in the appirdpriate positionis. 

Note that this application of a robot for arc 
welding does not use sensors, even though 
there has been extensive work done on devel- 
oping vision sensors that aUow the robot to 
**see" the seam formed by the two pieces of 
metal, and to follow i)t automatically. For 
the fairly simple, straight-line apphcations at 
Emhart, sensors are not necess^y. Hbwever, 
if the frartie units ivere out of position by a 
half inch, the welding robot would put ^^upe- 
less bibb of metal where it expected the joint 
to be. If a clamp was m the way of a pro- 
gramed weld, the robot would attempt to weld 
through the clamp, damaging the clamp arid 
itself in the process. 

The advantages of robots depend on wheth- 
er one is comparing them to hard automation 
devices or to hurnari workers. Clearly, the flex- 
ibility and prdgprsmrimability of robots is prom- 
inent in the first case, while in comparison 
with huriiaris the advantages are likely to be 
the robot's greater consistency, endurance, 
andxability to tolerate hostile environments. 

The disadvantages of robots also depend on 
whether "they are cdmpared with other auto- 
mation or huniaris. In the former case, robotie 
devices are sdmBtimes more expensive than a 
hard autdmatidn dfevice which is not program- 
able, and they are not>s^ast--a typical robot 
moves abdut as fast as a fiuman,_while dedi- 
cated autdmatic part-transfer devices can 
, dperate at considerably greater speedy The 
clear advantage of human workers over ro- 
bots, on the other hand, is in situations where 
extensive sensing, judgment, or ihtelligerice 
is required, and/or where situations change so 
frequently thaj; the expense oi programing a 
robot is uneconomieal. For these reasons it is 
often suggested that humans, robots, and hard 
automation devices are best suited for low, 



medium, arid high prCKiuction voliimes, respec- 
tively, although there are many^exceptions to 
this— e.g., automotive sj)qt welding. E sit- 
uation riiust be evaluated indivic 



The design of autbrnated production proc- 
esses involves deterrriiriirig which tasks are 
most suitable for a rnachirie, and wWch are 
most suitable for a hurnari. Several technolo- 
gy experts have argued that some manufac- 
turers' vlsibris of robots as replacements for 
human workers will prevent the best afloca- 
tiori of tasks between hximan and machine. 
One researcher argues: 

A robot is a machine. It should be de- 
signed,^ cbritrblled^ arid opem a ma- 
chine. Any attempt to emulate human behav- 
ior with a robot is a misdirectibri. Take, for 
example, the task of turning a bolt^ A human 
turns down a bolt in roughly haif-revolutioh 
inCTements. At today 'a qtate-ofthe-art, most 
robots are constraint tb perform the t^^^ 
in the same way. But robots need not be con- 
strained the way himians are. The most distal 
axis of a roboLsfc^tUd be capable of cpntiriu- 
ous rotation. The pirlmary advant^ that ro- 
bots will have in manufacturing market 
\ of thejuture wifl be based hot bri their abili- 
\ ty to mimic humans, but dri th^ abilities to 
perform tasks in ways which humans can- 
ildt^ - - _ 
General-purpose robots are ateaaSrevolyirig 
toward special'puqjose programmable devices 
fdr a particular task (e.g., assembly machines, 
painting machines), and this evolution may 
continue so that few robots in the future look 
like the ^general-purpose **arm" of today. 



Thougli they will not he covered in detail 
here, robqfcics technology has a wide raSge df 
nonmanufacturing uses including haridlirig df 
radioactive material, mining,^ undersea expldr- 
ation, and aids for the handicapped.^^ 



'*W. p. Seering. "Directions in Robot Design." Transactions 
o/ tAe ASM£_March 1983.JPP. ^ - _ 

»«See. for example. T. N. Spfiranos and T. B. Shendan,^ii 
Assessment of Undersea Teleoperators^Se&(ha^^^ Pro- 
gram. Massachusetts Institute of Technology. June, 1980; A. 
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In ordinary NC machines, programs are 
written at a terminal which, in turn, punches 
holes in a paper or mylar plastic tape. The tape 
is then fed into the NC controller. Each set of 
holes represents a command, which is trans- 
mitted to the motors guiding the machine cool 
by relays arid other electromechanical 
switches. Although these machines are not 
cdmputerized, they are programmable m the 
serise that the machine can easily be set to 
makirig a differentpart by ft edlngita differ- 
ent punched tape; and they are automated in 
that the machine moves its cutting head, ad- 
justs its coolant^ and so f orth^ without direct 
human intervention. However, most of these 
machines still require a human operator, 
though in some cases there is bne_bperatbr for 
two or more NG machine tools. The operator 
supervises several critical aspects of the ma- 
chine's operation: 

1. he or she has override control r:^ modify 
the programed speeds (rate of motion of 
the cutting tool)^ and feeds- (rate of cut) (see 
fig. 4). These rates will vary depending on 
the batch of jnetal used and the condition 
of the cutting tool; 

2. he or she watches the QuaMty and dimen- 
sions of the cut, and listens to the tool, 
replacing worn tools (ideaUy) before they 
fail; and 

3: he or $he mon^ ij s the process to avoid 
accidents or clamage-^-e.g., a tool cutting 
mto a inisplaced clamp, or a blocked cool- 
ant line. 

T'^pir^^'lv^Ne prograins are written in a lan- 
guage^ ci) Hi AFf ( Automatically Prbgraxnpi 
Tools), wi . 1 1 waa developed during the initial 
Air Force research en NC (see fig. 7 lov a sajri- 
pie of an APTprogram). A number of ^nodified 
versions or APT have been released 'n the last 
decade, and some of these are easier to uee 
than the briginal. But the esaeatiai concept 
and structure of the ritimerical codes has re- 
mained the sairie. Iri large part because of the 
mbmenturri it gained from its initiaJ. pOD sujh 
port, APT ha^ become a de facto standard for 
NC Iri chine tools. 



Figure 7>-Sampie APT Computer Program 

2.5" 




1:0" 



The path of the center of the cutter is shown as it nnoves 
about the perimeter of the part: 



(1) 




PARTNO FLAT PLATE NO 12345678 


(2) 




MACHiN/MODEL PTX 


(3) 




CLPRNT 


(4) 




COTTEP ' ? . 


(5) 




FEDRAI .0 


(6) 


SP = 


POINT/ -.5, -.5.1 


(7) 


P_1 = 


POINT/0,0.0 


(8) 


t1. = 


LINE/PI ._ATANGL;0 


(9) 
(10) 


CI = 


ClflCLE/2.:5.:5 


P2 = 


POINT/0.1.0 


(1-1) 


L2 = 


LINE/P2.PARLEL.L1 


(12) 


L3 = 


LINE/P2.PERPT0,L1 


(13) 
(14) 
115) 




EaOM/SP 




Go/rati 

GORGT/L1.TANTO.C1 


(16) 




GdFWD/Cl .TANT0.L2 


(17) 




GOFWD/L2.PAST.L3 


(18) 
(19) 




GOLFT/i:3.PAST.L1 




GGTO/SP 


(20) 




FINI 



The A P T_ c o tup lile r p_r Q g f a n.u _ aboy e. il ' c t s a m a c h i n e t o ol i o c u t 

arounU Jhe_perimete* of _d tbi rv.eViy .;jort -A sen^ 'circular end (see^ 
■ tQp_d'3gtarTi)..Jf: tne ; ■.gg'a'.'n iij.^ first \u^c^ i<^_^f'^'fies the part, and iine 
(2 )_ ca ! 1 u t. ' ^_ e _r^_os t or pees s ^ J r » ! he rote ^' ' ^ ■. ■ ■ .^^o n t ro i c o m b i nation 
t_^: At ■ tp_ rrij:,._;.n I n R the pari T f ^ c ,; r . st t) r oc e '^y r j ? 4 h a t P a rt o f t h e 
jpf't t'Jtcr software prog r 'in,- xV.r: t^j'oi" Ih^- tape ms[ructions for the 
pa r 1 1 c u ! a r m ac h i ne/cpn ^rpl err, »♦ ■; f \ L ; n oj 3) n otes t h a t the com - 
pLi.jr is to prim out the co : rain air-^ of ail the straight-line moves of - 
:he cutter. Line (4) notes ihri? nc cutter iS to have. a diarneter of 0,25 
inches. Line (5) descriUos iHv ie.ad rate in inches per rninute. Ltries 
(5i ihrough (12) clescnba iiie gr^opi.-^fry of the part. Lines (13) through 

(19) are motinn s»i?'em>in:s Vnd describe the path of the cutter. Line 

(20) ends t'x pai r'ograrr,. 

SOURCE, J J. Cr..ld:i, '■'tincip'"'^ r^r j^^moWr^ Ojn/roMNew Sork: Industrial Press. 
198i^, pp. ' 



, SiDce 1S7.5, machine tool manufacturers 
have begun to use micrbprocessbrs in the cbh- 
troHer, and some NG machines come eqiiippled 
with a dedicated minicomputer. Those called 
computeri?-ed numerically controlled (CNC) 
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tend ±0 be equipped with a .screen and key- 
board for writing or editing NCjjrb^ams at 
the rhachihe. Closely related to CNC is direct 
numerical control (DNC), in which a larger 
mini- or mainframe computer is used to pro- 
gram and run more than one NC tool simul- 
taneously; As the price of small cbrripUters has 
doplihed over the past decade, DNC has 
evdlyed both in meaning and concept into 
distributed humerical cdritrdl, in which each 
machine tool has a microcomputer of its own, 
and the systems^e linked to a central con-: 
trolling computOT^ One of the advantages of 
such distributed control is that the machines 
can often continue working for some time even 
if the central computer **goes down." 

In all types of NC machine tools the rriachih- 
irig processes Are essentially the same— the dif- 
ference is in the sophistication and location of 
the cdhtrdller. CNC cdhtrdllers allow the oper- 
ator to edit the program at the machine, rather 
than sending a tape back to a programer in 
a computer room for changes. In addition, by 
avoiding the use of paper or niylar tape^ CNC 
and DNC machines are substantially more reli- 
than ordinary N(^m The tape 

punchers and readers and the tape itself have 
been notorious trouble spots. CNC and DNC 
machines, through their computer screens, 
may also offer the ojperator more complete in- 
formation abput the status of the machining 
process. 

Some NCjpols are equipped with a feature 
called **adaptivej:ontrol,"^ which tries to au- 
tomatically optimize the rates of cut to pro- 
duce the part as fast as possible, while avoid- 
ing tool failure. As yet, there has been limited 
success with these devices. 

nolo^ into nietalworking industry proceeded 
very slowly in the 1950's and i960's, though 
it has accelerated somewhat over. the past 10 
years. Figure 8 and table S detail the H.S. pop- 
ulation df ihaehihe. tools. NumericsdlyL con- 
trolled machine tools represent only 4.7 per- 
cent of the total population,*^ although this fig- 

""Tho I3th Amencan Machinist iTivenioty of Metajworking 
Equipment 1983,** Anwricen MscM/ust, November 1983. pp. 



Figure 8.-— TptaJ Number of Numeric^jl^ Cbntrd 
Machine tools in U;S; Metalworklng 
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Table 8.-— EstiinatecL TataJ Machine Tools 
Bh the United 'States 







Total 
units 


Metal- 
cutting 


Mstal- 
fdrrrilrig 


Metalworking ........ 

Other industries 

Train injgL 

In storage and surplus 


. 2,192,764 
380,000 
74,000 
250,000 


1,702,833 
275,000 
70,000 
200,000 


489,921 
105,000 
4,000 
50,000 


Total 


2,896,754 


2,247,833 


648,921 



SOURCE: iSth AnnuaJ American Machinist inventory and estimates, y^mertca/r 
Machinist, Novertiber 1983: 



ure may be somewhat misleading: the newer, 
NC machine tools tend to^be used more than 
the older^equipment^and firms oftenkeep old 
equipnient even when they buy new maclmies. 
Some industry experts have estimated that as 
many as half of the parts made in machine 
shops are made using NG equipment. Never- 
theless, the applications still tend to be con- 
centrated in large firms and in smaller subcon- 
tractors in the aerospace arid deferise indus- 
tries. 



Two exmnples from GTA's c^se studies il- 
lustrate a range of uses for NG machine tools. 
A GohnecticuT machine shop with 48 employ- 
ees on the shop floor began using liumerieal 
control technology around 19B6, and how uses 
23 NC machiries to produce coritracted parts 
for the electronics and aircraft industries. By 
contrast, one of the/NC machine shops at a 
large cbmiriercial aerospace manufacturer be- 
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cupies 471.000 square feet— aBout the size of 
18 football Jields— and includes 110 NG and 
eN€ macHine tools, as well as 230 conven- 
tional machine tools. 

The U.S. machine tool population is si^ifi- 
cantly older than that of most other countri^ 
(see table 9), and this situation,>puggestmgTel- 
atively low level^bf capital investment, has 
been a source of concern for many Jn in*25try 
and government. In 1983, for^he first time i?5 
several decades, the percentage of metalcutA 
ting tools less than 10 years old increased by 
3 percent, although the percentage of metaV 
forming tools less than 10 yem-s old remains 
at an all-time low of 27 percent." 

DOD has encouraged diffusion of NC tecfi- 
nolo^, which has moved beyond the aero- 
space industry-althdugh riot nearly as fast 
as most observers expected. There are several 
reasons for the relatively slow diffusion of NC 
technology. They include high capita cost for 
an NC machine (perhaps $80,00(3 to $15O,GD0 
and up, as opposed to $10,000 to $30,000 for 
a convehtibhal machine tool).^^In addition, the 
successful application of NC machine tools re- 
quires technical expertise that is in short sup- 
ply in many machine shops. Training is a prob- 
lem, as some users report requiririg as much 
as 2 years "to^et an NC programer up to 
spebd.'V' Small machme shops typically do not 
have the resources or expertise to train staff 
to use or maintain computerized equipmen^ 
Finally, **APT proved to be too complicated 
for most users outside the aerospace indus- 
try. . . . Most macffine jobs could be specified 
in a considerably lelss complex world."'* 

However, intricate shapes such as those now 
found in the aerospace industry are nearly im- 
possible for even the most experienced ma- 



> *0T A work envirjonraent case studies, - 

•»*'the 13th y^mencaij Machimst Inventory p_fMet_al working 
Equipment 1983," Amencan Machiniat, November m\ 

'•E; tustgarten, Vice President. Pairie. Webber. MitcheU, 
Hutchihs.Jnc:, personal cQmmunication _ 

>'A M Greene, *' Is It Time lor a New Approach taNC Pro- 
gram'ming?" Iron Age. Sept: 24 ISS^p. 83.-Th_e for sub^^ 
ftantial training applies not only to NC machine tools but to 
virtually all PA devi_ces. - _ 

"•iMustry atLd Trade Strategies, unpubhshed paper prepared 

for OTA. April 1983. p. 28. 



chiiiist using con ventibh^ machine tools. With 
the parts can be more consistent because 
the same NC pro-am is used to make the part 
each time it is produced. A manually^ guided 
macKne tool is more likely to produce parts 
with slight variations, because the machimst 
is likely to use a slightly different procedure 
each ti'T/a he or she makes a part. This may 
not a problem for one-of-a-kind or custoin 
pi oduetibh, but can cauge headach<5s m batch 
preductibh. The advantages i^:. consistency 
due to NC are seen by many manufactureTS 
as ah increase in their control over the machin- 
ing process. 

NC machines tend to have a higher J * througfc 
put" than conventional raachine tools^ a^ 
hence m-e more productive, they are^peratmg 
(i.e., cutting metal) more of the time than a 
conventional machine tool because all the 
steps are established before the machining 
begins and are followed methodically by the 
machine's cbritroll<T. Further, on a complex 
part that takes more than one shift of machm- 
ing oh a conventional machine tbbl, it is very 
difficult for a new machihist tb take over 
where the first left off. The part may remain 
clamped to the machine and the part and ma: 
chine tool lie idleuntil the briginal machimst 
returns. On NC machines, operators can sub- 
stitute for each other relatively easily, allow- 
ing the machining tb cbhtinue uninterrupted. 

As discussed previously, the capability of 
guiding machine tools with numeric codes 
opens up possibilities for streaplinihg the 
steps between design and prbductibri^The geo- 
metric data deyelqpedin drawing the product 
ori a CAD system can he used tb generate the.. 
NC program for manufacturing the product. 

Flexible Mamifacturing Systems 

A flexible manufacturing system ^I^MS) is 
a production unit capable bf producing a range 
of discrete products with a mininium of man- 
ual intervention. It consists of production 
equipment ^orkstatibhs (machine tools or 
other equipment fbr fabrication, assembly, or 
treatment) linked by a materials-handling sys- 
tem to move parts from one workstation to 



71 



ERIC 



Table 9.-Age of Maclilne Tools In Seven Industrial Nations 



-M tJiiits 0-2 yf 0-4 yr 0-9 yr alSyr s2Dyr— tltiil3 0-2 yr Q-4.yt .0-9 yr £l5yr s20yr 



dfiited States;::;;;;:;;;:;;; 


83 


1,703,000 


14% 


34% 


32% 


490,000 - 


9% 


18% 


- 37% 


Canada 


78 


149,400 




41 


- 37 


61,400 - 




23 


26 


Federal Republic oj Germany. 


80 


985,000 


- 15 


34 


48% - 


265,000 - 


■ 15 


34 


48% 


80 


584,000 


16 


35 


- 32 


177,000 - 


16 


35 


- 32 


Ilaly..,.,;,..............., 


75 


408,300 




41"= 


- 29« 


133,000 - 




29= 


- 25" 


Japan 


81 


707,000 


15% 


35'' 


37'' - 


211,000 1! 




41^ 


31" - 




62 


627,900 


- 41' 




- 27 


146,800 - 


48' 




- 48 



=^■5 years old: ^1 years old; ^08 years old; ^13 years old and up; ^16 years old and up. 
SOURCE: I31h American Machinist Inventory, Amic^i) Mac/i/nisf; Noverrber 1983. (Note; Amtim f^achM used a variety ol foreign sources lor this lablel 
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another, and it operates as an in^^^ sys- 
tem under fuU prograjtimable control:^® 

An FMS is often designed to produce a farrli- 
ly of related parts, usually in relatively small 
batches— in many cases less than 100, and 
even as low as one. Most systems appropriates 
ly ebhsidered to be an FMS include at least 
four workstations, arid some have up to 32. 
Smaller systems of two or thr ee machiiie tools 
served by a robot, which are sometimes called 
flexible riiariUfactUririg systems, are more ap- 
propriately termed "machining cells." 

HoW an FMS Works.— Usmg NC programs, 
and (often) eomputer-fiiided process planning 
workers develop the process plari (i.e., the se^ 
quence of production steps) for each part that 
the FMS produces. Then, based on inventoiy, 
orders, fihU cbniputer simulations of how the 
FMS could run most effectively, the FMS 
managers establish a schedule for the parts 
that the FMS will produce on a given day. 
Next, operators fbt^d the material for each part 

>»M. E.Jrtef chant, personal communicatio' , Ga. _i2i 1983. 
Adapted from a defihitidit developed by. the International In* 
stitution for Production Ehgiheerihg Research. 



into the system, typically by clariipirig a block 
of metal into a special carrier that serves both 
as a fixture to hold the part in place while it 
is being rnachined^ arid ns a pallet for tfans- 
portihg the wbrkpiece. Urice loaded, the FMS 
essentially takes over. Robots, conveyors, or 
other automated materials handling devices 
transport the wbrkpiece from workstation to 
workstatibri, accbrdirig to the process plan. If 
a tbbl is ribt wbfkirig, many FMSs can reroute 
the part tb other tools that can substitute. 

Machine tools are hot the brily workstatibris 
in an FMS; other possible stations iiiclude 
washing or heat-treating machines, arid auto- 
matic ihspectibh devices. While riibst cUff ent 
FMSs consist bf^bups bf riiachirie tools, 
other systems ariticipated br in operation in- 
volve machines fbr grinding, sheet metal work- 
ing, plastics haridlirig, arid assembly. 

The amount of flexibility hecessaiy tb de^ 
serve the label ''flexible" is arguable. Some 
FMSs can produce only three br four parts bf 
ver^' similaf size arid ahape— e.g,^ three br four 
engine blocks ior different cbrifigUratibris bf 
engines. One FMS expert argUes, however. 




■""^ik-^^^- ^.m?^ - 




mOslraVon creHit: Cincinnati Mllacron Co. p. 



Schematic djagram of an FMS for prodacing aircraft parts. The lines indicate paths of automatjc devices which bring 

workpieces to the machines 
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that in the current state of the techholb^, a 
system that cannot produce at least 20 to 25 
different parts is not flexible. Indeed, some are 
being designed to rhariufacture Up to 500 
parts.'^ 

The essential features that constitute a 
workable "part family" for an FMS are: 

• A common skape.—ltx particular, prisma- 
tic (primarily flat surfaces) and rotational 
parts cannot be produced by the same set 
of machines. 

• Size.— An FMS will be designed to pro- 
duce parts of a certain m^mum size, 
e. g. , a 3 6-inch cube. Par t s l^ger or much 
smaller than that sae cannot be handled. 

• Materia].— Titanium and eoininon steel 
parts cannot be effectively mixed, nor can 

. metal raid plastic. 

• Toierance.— The level of precision 
necessary for the set of parts must be in 
a common range. 

Applications.— For a manufacturer with an 
appropriate part family mid volume to use an 
FMS, the technology offers substantial advan- 
tages over stand-alone machine tools. In an 
ideal FMS arrangement, the company's expen- 
sive machine tools are working at hear full 
capacity. Turnaround time for manufacture of 
a part is reduced dramatically because parts 
move from one workstatioh to another quick- 
ly and systematically, arid coriipUter simula- 
tions of the FMS help deterrnirie optimal rout- 
ing paths. Most systeriis have some redundan- 
cy in prbcessirig capabilities and thus can au- 
tomatically reroute parts around a machine 
tool that is doWri. Because of tjiese time sav- 
ings, work-in-process inventory can be dras- 
tically reduced. The compmy can diso d^ 
crease its inventoiT^ of finished parts, aince it 
can rely on the FMS to produce heeded parts 
on demand. 

Finally, FMS can reduce the ''economic 
order quantity" for a given part— the batch 
size necessary to justify setup costs. When a 
part has been produced once on an FMS, setup 



^B. Jbhoski, Manager, MariUfactimng Systems Division, Cin- 
cinnati Milacron Corp., interview, Aiig. 16, 1983: 



costs for later batches are minimal because 
process plans are already established and 
stored in memory, an^ materials iiandlingis 
automatic^ In the ultimate vision of an FMS, 
the machine could produce a one-part batch 
almost ^s cheaply as it could produce 1,0Q0, 
in cost per unit. In practice there are uhavoid- 
able setup costs for a part and a one-part batch 
is uneconomical. Nevertheless, the FMS's cap- 
ability- to lower the ecoribmic order quantity 
is pstrticularly useful in an economy in which 
mahufaetxirers perceive an increased demand 
for product custoinizatidn and smaller batch 
sizes.* 

A Midwestern agricultural equipment man- 
ufacturer^ for example, uses an FMS tb^ma- 
chine tfansmissioh case and clutch housings 
for a fannly of tractors (see phbto). They had 
considered **hard •^;:itbmatibri"— a transfer 
line— to manufacture the parts, but expected 

♦In defense producUpn,_8eyCTal_exam£^^^ 
of spare parts have come to light. In part becauTO the_ 
cost for producing partsis so fSgti, the Pentagon's contractors 
may charge thousands of dollars for pitxlucing one or two smaU 
parts, llie tradiUpnal soluUbh to this problem is tp mate spare 
parts when the original equipment is and^ keep the 
spares OS Jiand: However, studies indicate that more than 95 
percent of those spare parts are never used. An FMS could 
substantially reduce the cost for mddngS^smSllimEber of parts 
because jpnce apart Has been niade on the system^ahd the tool- 
ing and production routing already established, setup costs are 
relatively low. \ 




Photo credit: Deere S Co. 



A worker obtains s_t at u_5 jnforrnailon rrdm a com 
terminal at one of the v»^orkstatLo_ns_o_f _^n FWS for 
producing agrlcoltaral eqaipmeht 
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a new geheratibh of trahsmissiohs within 5 
years, which would render the trarisifer line bb- 
sblete. They chose an FMS instead because it 
cbuld be mbre easily adapted to other prod- 
ucts. In the system, a supervisory computer 
cbhtfbls 12 computerized machining centers 
and a system of chain-driven carts which shut- 
tle the fixtured parts to the appropriate ma- 
chines. The supervisory computer automati- 
cally routes parts to those machines wij;h the 
shortest^queue of workpieces waiting^ and can 
reroute parts to avoid a disabled machine tool. 
About a dozen employees operate and main- 
tain the system during the day shift» and there 
are even fewer people on the other two shifts. 
The system is designed to produce nine_part 
types in almost any sequence desired. (Thus, 
it is rather inflexible according tb the current 
state of xhe .art.). It was, in fact, one of the 
earliest FMSs of substantial size tb be de- 
signed. It was brdered in 1978, but hbt fully 
implemented until 1981.^* 

Another example of FMS appHcation is a 
system operating at Messerschmitt-Bolkbw- 
Biohm's plant in Augsburg, West G^many, 
to manufacture the center section of Tbrhadb 
fighter planes at a rate. of about ID per mbhth. 
The system inchides 28 NC machine tools, au- 
tb^atic systems for cutting-tbol changing arid 
wbrkpiece trarisport, arid cbriiplete cbrilputer 
cbritrbL Orie bbserver repbrts: 

The system has demonstrated remarkable 
efficiencies. They find that the machines in 
the systiem are cutting m(9tsd, bn^t^ 
about 75 percent, or more, of the time— i:e., 
machine utilization is 75_percerit better. Lead 
tiriie for prbductibri of ^'Tbrriado is Only 18 
months, compared to about 30 months for 
planes .produced by more cohyentional 
means. The systerii reduced the riuriiber of 
NC machines re^ (cPH^P^P^J^^^?^^^^ 
the same job with stand-alone NG machines) 
by 52.6 percent, required persbririel by 52.6 
perciBrit, required floor place [sic] by 42 per- 
cent, part through-put time by 25 percent, to- 
tal production time by_52.6 percent, tooling 
cost by 30 percent, total afiriual costs by 24 



^'OTA 'vork ehvirbhmeht case study. 
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percent arid capital irivestriierit costs by 10 
percent." 

FingQly, a Fanuc Ltd. factory near Mt. Fuji 
in Japan has received a great deal of attention 
and is similarly impressive. The factory pro- 
duces industri^ robots and various CNC tools. 
It has two auto^mated ^storage and retrieval 
systenis (these are described in^thejiext _sec- 
tionj as well^as an automated materials han- 
dling system to d: ^iver materials to worksta- 
tions. Automatic pallet changers and robots 
are used to load and unload machine tools from 
the automatic riiaterials handling vehicles, and 
the plant makes extensLvi use of unmanned 
riiachiriing at nighty The 29 riiachinirig centers 
are attended by 19 workers duririg the day 
shift, while at riight rib brie is bri the riiachinirig 
flbbr, arid brie wbrker riibriitbrs the operatibri 
frbrri a cbritrbl rbbrii. Several other areas of 
this factory are riot automated, however— no- 
tably, assembly and inspection.^^ 

The chief problems related to an FMS arise 
from its complexity arid cost. Several years bf 
planning are heeded for such a sy&tem^ arid in- 
stallirig arid rnairitaiiriirig ari FMS is likely tb 
require a higher degree of technical expertise 
thari riiariufactUrers rriay have available. Filial- 
ly, because FMS is a system of interdependent 
tools, reliability problems tend tb magnify. In 
particular, the materials handling portions of 
FMS are notoriously troublesome. (See below.) 

Despite the advaritages clairried for FMS, 
the systeriis are still relatively rare. Observers 
estirriate that there are 20 tb 30 of such sys- 
teriis iri Japari, 20 each iri Westerri arid East- 
erri Eurbpe, arid 20 tb 30 iri the United States.^* 
The reasons for this scarcity of application in- 
clude the complexity, newness and cost of the 

"M: E: Mefchant^ "CaiTentStattis of, and Potential for,^ Auto- 
mation in the Metalworkirig Mariiifacturirig Industry," Aimals 
of the CIRP, vol. 32, no. 2, 1983. ^_ 
_'^IbjdL P^Nitzan,J'Robotics in Japari— A Trip Report," SRI 
Interjiational, February 1982, _ 

""CAM, Ah IntemationM Comparison," i^iziericanAf ac/un- 
ist, November, 1981,^?. 207-226; W. Ddstal, A: W: Kamp, M. 
Laimer. and W, P. Seesle, "Fleaub^^^ 
and Job Structures ^VjMitteilunge 

berufsforschung), 1982. Reliable statistics on FMS fiu-e diffi 
to obtain becaUL»e v,i conflicting definitions of an FMS and the 
early stage of the tv>chribl6gy's development: 
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systeinS. One American manufacturer estiraated 
that FMS (tost $600,000 to $806,608 per machin- 
ing workstation, with a minimum expenditure 
of $3 million to $4 nriffion.^' In addition, the in- 
house cos^s of plamrihg for installadbh bf^an 
FMS— a process which often takes several 
years— are Kk^ly to substantially increase the 
investment ih jah FMS. 

Automated Materials Handling Systems 

Automated materials handling (AMH) sys- 
tems store and move products ahdmaterials 
under computer control. Some AMH systerns 
are used primaray to shuttle items to the work 
areas or between workstations on automated 
carts or conv^ors. Automated storage and re- 
trieval systems ( AS/RS) ar B another form of 
automated materials handlings essentially 
comprising afi autoihated warehouse where 
parts are stored in racks and retrieved on com- 
puterized carts arid lift trucks. For the pur- 
poses of this report, this category includes 
oifly those riiaterials handling systems which 
are not classified as robots. 

Hvw AMH Systems. Work.--"^^^ are a 
wide variety of formats for automated materi- 
als handling; They include conveyors, mono- 
rails, tow Sries, motorized carts riding on 
tracks, and autoniated carriers which follow 
wires embedded in the floor of the factory. 
Each AMH system is unique, and each is de- 
signed ibf the materials handlmg needs of a 
particular factbi^. The cdmmoi/characteristic 
of these devices is that they are controlled by 
a central computer. ^ 

There are three general applications for AMH. 
The first is to shutlle wbrkpi^es between sta- 
tions on an FMS. In this case>the AMH sys- 
tem operates bh cbmmarids firbri the FMS con- 
troller. For example, when the ron^^^ 
receives a message that a maclupe tool has fin- 
ished work bh a certain workpiece, the control- 
ler orders the AMH system to pick up the 
wbrkpiece and deliver it to tjie next worksta- 
tibh in its routing. The materials haridKrig poi^ 
tibh bf the FMS is one of its trickiest cle- 

«jB. Johoflki, Mana^r, Manufact^^ Division, Cin- 

cinnati Milacron Corp., interview, Aug. 16, 1983. 




Pfidio cr0Clll: Cincinnati Milacron Corp. 



Automated guidecLvehMe (also known as a *Tdbdt 
cart") follows wires embedded in_the_fropr of th^^ 
factory in order to shuttle workpieces from one part 
bf the plant to another 

mehts— part trahspbrt needs tend to be logis- 
tically cbmplicated, and the AMH systens 
must plade the part accurately and reliably for 
machining. Many AMH systems, such as con- 
veybrs br tbw chains, serial in nature— 
Le.^ there is only .one path Som Point A tb 
Point B. this has causedFMSs to cease op- 
erating when a cart becomes stuck or a criti- 
cal path becomes unusable. FMS design^ers 
have respondedto this problem by designing 
AMH systems with ba^p paths, or i>y using 
by^Jtems such^as the wire-guided vehicle men- 
tioned earlier, which can be routed around 
disabled carts or other obstacles. 

The second major application oiAMU is for 
transporting work-in-process from one man- 
ufacturing stage to the next within a factory, 
this application is^imilar in concept to AMH 
use for a flexible manufacturing system, al- 
though serving an entire factory is more cbm- 
plex. there is more area to cover, mbre poten- 
tial obstacles and logistical difficulties in 
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estaBKshing paths for the AMH carriers, and 
a wider range of materials to handle. For this 
reason, whble-faetbry AMH systeihs are hot 
yet widely used. However, General Motors has 
recently agreed to purchase automatic guided 
vehicles from Volvo which alio;/ . torabbiles 
to proceed independently through the plant 
while being assembled. The "robot carts" can 
be programed to stop at appropriate worksta- 
tions, arid the cart system essentially replaces 
an assembly line. Vdlyb uses about 2,000 of 
the carts in its own plants in Eiirdpe.^^ Fiat 
also uses such carts in Italy. 

The final appHcatidh for AMH is in auto- 
mated stbra^ and retrieval systems. These 
systems are often very tfQl in brder tb conserve 
space and to hmit the number of autbinatic 
carrier devices heeded to service the facility. 
In many cases the structure housing the AS/ 



'"J. Walter, '*V6Iyo WUl Build Robot Carts," The Detroit 
News. S^pt. 27, 1983. 




Photo credit: Cincinnati MUscron Corp. 



An au to qiat ed st drage and ret rleval systerh jAS/RSj, 
wj t h_ a _ m p Lit e r t^e rrnir a[ s h pyy i n Q i t s _s t_at_u s._ An 
"automatic stacker crane"_(lop_,i;_entef) operates under 
\. compater control 



RS^is built separately adj acent to the main f a^ 
toiy buflding. Design of gn AS/RS depends on 
the she of the products stored, the vplxmie of 
material to be stored, and the speed and Se- 
quency of items moving in and out of. the sys- 
tem. Advbcates bf AS/RS cite advantages for v 
the system, as compared tb hbhautbmated , 
systems, which include lowered land needs, 
fewer (but mbre highly trained]^ ataff , mbre ac- 
curate ihvehtbry recbrds, and lower energy 
use. I 

i4ppi2car:qn5^In theory, ^Mri systems 
can move material quickly^ efficiently, aad re- 
liably, and keep better track of ^he location 
and quantities of the parts by use^of the com- 
puter's Jthembry, thus avoidihg much paper- 
wbrk. They can hummize loss bf parts in a f ac- 
tbry, which is a cbnuhbh prbblehi in materi- 
als handling. 

Deere & Co., for example, uses an extensive 
AS/RS to store ma^ 
^J^s tractor plants^'^l^l? s^^^ 
ized controller keeps track of the products 
stored on_the shelves, and wbrjkers can order 
the system tb retrieve parts from the shelves 
by typing commmids at a cbmiiuter termihal. 
After they are retrieved ftbm^^he AS/RS, the 
parts can be autbmaticaUy carried by bver- 
head cbhveybrs tb the desirec^/ Ibcatibh within 
the plant complex. 

IBM's Pqughkeepsie plant is pluming an 
AMH conveyorcart system for transporting 
a 65-pbuhd computer subassembly fixture 
between assembly and testing stations. The 
rhanuf acturihg rnahager reports that thb deei- 
sibh tb adbpi this system ^as prbmpted by 
Ibgistical difficulties in keeping track bf many 
such fixtures aihbhg a great variety bf wbrk- 
statibhs, as well as by worker health problems 
related tb transporting the fixtures manually.* 

AMH systems often have reliability prqb- 
lemaih practice. A Deere & Co. executive re- , 
liated^ah anecdote at a recent Natibhal Re- 



"G. H. MiUar, vice president, Ehgiheering, Deere St Co., ad^ 
^'■®ss to NaUo^^^^ 

of Manufacturing in the United States," Washington, D.C., Apr. 
13. 1983. 

♦OTA site visit, IBM Corp:, PdQghkeepsie» NY, June 9, 1983. 
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search Council symposium." Deere's AS/RS 
was systematically reporting that they had 
more engines stored on the ra(^s than other 
records indicated. After long weeks of search- 
ing for the problem they finally found the 
culprit: A leak in the roof was allowing water 
to drip past the photocell that ebuhted the en- 
gines as they were stored. In essence each drip 
became an engine in the ebrnputer's inventory. 

Although Deere's experience is doubtless 
not wid^y applicable to AS/RSs, the notion 
that AMH systems seem to present unex- 
pected Ibgii^tical and mechanical problems 
does seem to be generally accurate. Even 
thbugh these sy sterns are a key aspect bf flex- 
ible mfiolufacturing systems and btcbmputer- 
ihtegrated manufacturing, materials handling 
has long been a neglected topic in industrial 
research. Materials handling system manu- 
facturers have only recently •'caught up" to 
other industrial systems in level of sbphistica- 
tidn, and few companies have so far installed 
sophisticated AMH systems. Because of this 
relative lack of sojphisticatibh, materials handl- 
ing for FMS and GIM, especially for a com- 
piax application such as delivery of rnultipie 
parts to an assembly station, may be one of 
the biggest problems facing integrated auto- 
mation.^^ 

Other GAM Equipment 

Whiie they wiH not be addressed in detail, 
there are severS other kinds of programmable 
automation equipment used in manufacturing. 
They include: 
• Computer-aided inspectioh and test 
equipment.'-FoT mechanical parts, the 
most prominent such device is the Coor- 
dinate Measuring Machine, which is a 
programmable device capable of automa- 
tic and precise measurements of parts. A 




"G. Millar, bp. cit. _^ _ _ _ 

"B _Rpth, professor of mechanical engineering, £>tfntpr<l 
University, •'Principles of_AutomaUon/' addresa tx> tfaeUnilever 
Symposium on Future Directions in Maniifactunng T^ology, 
Apr 6-7. 1983; and: J. Apple, semor yiMpresi^nt. Sy^ 
Inc , ••Retrieval aiid Distribution System3-_A Pivotal Part of 
Future Process Planing," address to TechnploKJ^ ^^il^o 
Society Symposium on Factory of the Futiire, Oct. 26-28» 1903. 



Photo CfBdft: National Bureau o f Standards 



A Coordinate Measuring Machine uses a JIny bat 
precise probe ic^enterl to automatic^ 
measure parts 

great variety of inspectibn and test equip- 
ment is also used for electrbnic parts. 
IBM's Pou^eepsie plant^ mentioned 
above, performs the vast majority mits 
testing of nncrbprbcessbr modules ^with 
automatic devices built in-house. In ad- 
dition, robots can be used as cornputer- 
aided inspectibn and test devices; several 
two-armed, gantiy-style robots are ^sed 
at IBM tb test the wiring for compiiter 
circuit bbards.* In the test^ thousands^ 
pairs bf pins on the circiiit board must b^ 
tested tb make sure that they are ebrrect 
ly wired together. Each arm of the jrbbbt 
is equipped with an electromcneedl^ike 
probe, and by touching its probes to each 

♦OTA site visit, IBM Corp., Pougiikeepsie, N.Y.. June 9, 
1983. 
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pair of pins and passing an electronic sig- 
nal through the probe^^the robot^s con- 
trol coniputer can determine whether the 
circuit board's wiring is **©K." 
Eiectromcs assemfciy:— Increasingly, pro- 
^ammabie equipment is used to insert 
compohehts— resistors, capacitors, di- 
odes, etc.— into printed circuit boards. 
0ne Buch system, Dyha-Pert, mahufac- 
tiired by a subsidiary of the_E_mhart 
Corp., is capable of ih^:ertihg 15,000 parts 
per hour. A progranimable inachine as- 
sembles spools of electronic parts in the 
right order for insertibh into the circuit 
board, arid another machine inserts the 
cdriipdrierits. 

Process cohtroL'—Ptogr^ control- 
lers (PCs) are being used extensively in 
both continuous-process and discrete- 
manufacturing industries. PCs are small, 
dedicated computers which are used^ to 
control a variety of production processes. 
They are useful iv^hen^ set of electronic 
or rr.t^chanical devices must be controlled 
V'-. ' : p,/; /i c ilar logical sequence, as in a 
'. nAT 0 ^: 8 where the conveyor l^St must 
ha 3eqaet:cod with other tools, b. in heat 
creatment of metals in which the sequence 
of steps and temperature. must be con- 
trolled jv^ry precisely. Until the late 
1960's, PCs were cbrhprised of oiechDii^cal 
relays, and were *'hard-wired"^brie had 
to physically rewire the device to charige 
its furictibri or order of processes. Modern 
PCs are cbriiputerized, and can typically 
be reprbgramed by plugging a portable 
computer terminal into the PC. A cornput- 
erized PC is not only more easily repro- 
gramed than a hard-wired device, but is 
also capable of a wide^ range of functions. 
Modern PCs, for example, are often used 
not only to control production processes 
but also to collect information about the 
process. PCs and numerical ebhtrbl de- 
vices for machine tools, are very similar 
in concept— essehtiallyr NCs are a special- 
ized form of PC designed for cbritroUirig 
a machine tool. 



Programmable Automation and 
Manufacturing Manageme^ 

Several kinds of cbmputerized-tbbls are 
becbrriirig available tb assist in riianagerileht 
arid cbritrbl bf p rilariuf acturirig operatibri. The 
esseritial cbnimori characteristic bf cbmputerr , 
ized tbols for management is their7al5ility tb 
manipulate and coordinate **data^^j^^^^ 
stores of accumulated information about each 
component of the manufacturing process. 
ability to quickly and^effectively get access to 
these data bases is an extraordinarily power- 
ful management tool— what was a chaotic and 
murky manufacturing process can become 
much more organized, and its strengths and 
weaknesses more apparent. The following. see- ^ 
tioh describes some of these tools, asjyell as 
the hbtibh of *'cbmputer-ihtegrated riiahufac- 
turihg," which is not a tbbl or technology in 
itself but rather a strategy for brgariizirig arid 
coiitrbUirig the factbry. 

Management Information Systems 

Maiiufacturers use and store information on 
designs, inventory, outstanding orders, capa- 
bilities of differeiit machines, personnel, ^d 
costs of raw materials^ among other things. 
In even a modestly cojnplex business opera- 
tion, these data bases become so large^snd in- 
tricate that complex jcoinputer programs must 
be used to sort the data and summarize it ef- 
ficiently. Management information systems 
(MIS) perform this fuhctibri.^rovidingi'eports 
on such topics as current status of prbductibn, 
ihvehtbry and demand levels, arid nersbririel 
arid financial iriforriiatiori. 

Before the^advent of^powirful computers 
and management information systems^ some 
of the information which MIS now handle was 
simply not collected. In^ other eases, the col- 
lection and digestion oLthe information re- 
quired dozens_of clerks. Beyi)rid saving labbr, 
however, MIS bring mbre flexible arid more 
widespread access tb corporate Irifbrriiatibri. 
Fbr exarriplei with just a few secbrids bf corii- 
puter tiriie a firrii's sales recbrds can be listed 
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by region for the sales staff, by dollar amount 
for the sales managers, and by product type 
for production staff. Perhaps most importmit- 
ly, the goal for MIS is that the system should 
be so easy to use that it can be used directly by 
top-level managers.* 

Corhputer-Aided Planning 

Computer-aided plannirig systems sort the 
data bases for invehtbiy, orders, and staff, and 
help factory management schedule the flow of 
work in the most efficient manner. Manufac- 
turing resources planning (MRP) Js perhap^^ 
the best-known_ example of computer-aided 
planning tools ** MRP can be used not only to 
tie together and summarize the various data 
bases in the factory, but also to juggle orders, 
inventory, and work schedules, and to bpti- 
mize decisions in running the factory. In some 
cases these systems include simulations of the 
factory floor so as to predict the effect of dif- 
ferent scheduling decisions. MRP systems 
have applicability for many types of industry 
in addition to metalworkihg. 

Another kind of computer-aided planning 
tool is computer-aided process planning 
- (CAPP), used by production planners to estab- 
lish the optimal sequence of production ppera- 
tioris for a product. There are two primary 
types of CAPP systems— variant and gener- 
ative. 

The variant type, which represents the vast 
majority of such systems currently in use^r|- 
lies heavily on group technology (GTJ. In GT, 
aXmanufactiirer classifies parts produced ac- 
cording to v^ious characteristics: e.g., shape, 
size, material, j)resence of teeth or holes, and 
tolerances. In the most elaborate GT systems, 
each part may have a 30- to 4D-digit code. GT 
makes it easier to systematically exploit sim- 
ilarities in the nature of parts produced and 



♦Sbrhetimes the terms "management information system" 
and "data base management system" {DBMSLare_used inter- 
changeably. MIS tends to refer to a more powerful and compre- 
hensive DBMS aimed for use by relatively High-level staff. 

♦♦Two forms of MRP are menlion<^ln industry literature 
The (>arlier version was materials requirements j>lanning, a more 
limitedjorm of computeraided planning system for c^nir-rmg 
and managing inye;itory. Manufacturing resource 
sometimes known as MRP II to distinguish it fn 
hctibh. 



in machining processes to prdHuce therri. The 
theory is that similar p^ts are raariiifactufed 
in similar ways. So, for example, a process 
planner might define a part, using GT classi- 
fication techniques, as circular with interior 
holes, 6 ' ' diameter, 0.D1 ' ' tolerance, and so 
forth. Tfiien, using a group techndlo^-based 
CAPP system, the planner could recall from 
compute^memory the prckiess plan for a part 
with a similar GT classification, and edit that 
plan for the new, but similar, part. 

Generative process plaiining system^ on the 
other hand, attempt to generate ^ah ideal rout- 
ing for a part based ort information about the 
part and sophisticated rules about how such 
parts should be handled, and the capabilities 
of machines in the plant. The advantage of 
such systems is tKat process plans in variant 
systems may not be bptirnal. A variant sys- 
tem uses as its fouhdatidris the best guesses 
of an engineer about how to produce certain 
parts. The variants on that process plan may 
simply be variations on one engineer's bad 
judgment. 

though generative CAPP may also depend 
on group technolov prihdp^^^ it approaches 
process^ planifing ra systematically^ The 
principle behind sUv?. systems is that the ac- 
cumulated expertise of the firm's best process 
planners is painstakingly recorded and stored 
in the computer's rnemory. Lockheed-Georgia, 
for example, developed a generative GAPP 
system called Genplan to create process plans 
for aircraft parts (see photo for ant exaniple of 
a process plan developed by Genplan). Engi- 
neers assign each part a code based on its ge- 
ometry, physical^ properties, aircraft model, 
and other related information. Planners can 
then use Genplan to develop the routing for 
the part, the estimateiprodu^tidri times, and 
the necessary tobling. Lockheed-Gcorgia offi^ 
cials report that one planner can now do work 
that previously required four tb eight people, 
and that a planner can be trained in 1 year in- 
stead of 3 to 4.* 



♦OTA site visit. I^eod-Geprgia. Mar. 10-11, 198^ Genplan 
was derived from a generative CAPP system developed by Com- 
puter Aided! Mojiufacturirig-International---a consortium lor 
programmable automation research (see ch. 8). 
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An <>xcerpt from a process plan developed by the "Genplan" system 



Computer-Integrated Manufacturing 

Computer-ihte^ated rrianuiacturirig (CIM, 
[M-onoiiricod "siih") involves the integration 
atid coordihatiori of design, manufactUrin*^^ 
and injmagemeht using CO" puter-based sys 
terns. Computer-integrated rnanufacturing is 
not y I a specific technology that can be pur- 
t'hasi d, but rather an approach to factory or- 
^^aiiizaiion and management: 

. Compuier-integrated mahufacturirig was 
first popularized by Joseph Harrington/s book 
of the same name, pubhshed in 1974. One sys- 
tems expert recounts the hisl(H / of the fon- 
c-e[)l in this way: 

jCINlj came af)()ut from: 1 j The realization 
tha{ in nKuv\ cases automation for discrete 
iictivit ies in nUiiiufacturlng, such as design 
nr machiTiinj;; in fact often decreased the ef- 



fectiveness of the entire operation— e^g*:, de- 
signers could conceive parts with CAD that 
could riot be riiade iri the factory; NC machine 
tools required such elaborate setup that they 
could not. be economically prograrrimed or 
used. 2) Devcldprrierit of large rriairifrarriiB 
computers supported by data base manage- 
ment systems (DBMSJ and communications 
capabilities with other computers^ The 
DBMS arid cdriiriiUriicat[qns aUqwed fui^^ 
tionai areas to share information with one 
another on demand. 3j The dawning of the mi- 
crbcbriiputer agis which begari to ailbw ma- 
chines in the factory to be remotely pro- 
^:]:rammed, to talk to each other and to report 
iliu'r activity tf their ultimate sburci^ of 
instruction.'"' 



""IX Wisnqsky, Kroup vice president, OCA Corp., Iriciustrij 
S V s te ms G re )Li p . person nl eoni nn u n ic u t i on . to! >er [981 
Wisnosky is a former director of the U.S. Air Force Intx.*fn-ate 
CorripUtor- Aided Manufacturing Program (ICAM). 
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Though there is no quantitative rne^^^^ of 
ihtegratibh in a factory, £md definitions of 
CIM vary widely, the concept has become a 
lighthih^ rod for technologists and industrial- 
ists seeking to increase productivity and ex- 
ploit the conv '^ter in manufacturing. For_ex- 
ample, James Lardner, vice president of Deere 
& Co., sees the current state-of-the-art rriariu- 
facturing process as a series of jMslands of 
automation/* in wKch machines perform tasks 
essentially automatically, connected by ** hu- 
man bridges." The ultimate st :^e argues, 
is to connect those islands intb an inte^grated 
whole through GIM and artificial intelligence 
(dt^cribed in the next section of this chapter], 
replacing the human bridges with machines. 
In this essentially •'unm^mhed factory," hu- 
mans would then perfdrrri only the tasks that 
require creativity, primarily those of concep- 
tual design. Lardher's vision is echoed by 
many other prdmirieht experts. 

Experts differ in their assessment of how 
long it might take to achieve this vision— vir- 
tually no one beHeves that it is attainable in 
less than 10 to 15 years, while some experts 
would say an unmaimed factory is at least 
thr^e decades away. More importantly, there 
.are bther technblbgists who argue that the vi- 
sionjnay, in fact, be just a dream. For exam- 
ple, Bernard Roth, professor of mechanical en- 
gineering at Stanford University, argues that 
factories will, in reality, reach an appropriate 
and ecbhdmical level of automation and ±heu 
the trend toward automation wiH level off. In 
a sense, the difference bet^veen these two 
views may be a difference ■• f degree rather 
than kind. For many factor^^^s, the^cppropri- 
ate" level of automation miglit indeed be very 
high. In others, however^ a fair huiriber of hu- 
mans will remain, though they may be signif- 
icantly fewer than is currently the case. 

Integrated systenis are often found tb re- 
quire more human Input than was er-^^^^-^^ 
Indeed, as one engineer explains:,^' 



There 'is much talk about the totally 
automated factory^the factbry of the fu- 
tufe— and night shifts where robots operate 
the factory. Whereas these situations will 
develop in some cases . . . many manufactur- 
ing facilities wili nbt be fully automated. 
Even those that,are will Jrivolvj humans in 
system design, control, and maintenance-- 
and the factory wiU operate-withiri a corj}or- 
ate organizatibh of managers and planners: 

These two views db have irnpbrtant signifi- 
cance for how an industrialist might now pro- 
ceed: Many whb hbld the vision of the un- 
manned factory s^m to emphasize technolo- 
gies, auch as rbbbtics, that can remove fiu- 
mans from manufacturing. ThosewhO do not 
share the vision of **unmarmed rain'ufactur- 
ing" tend to argUe that there are niore practi- 
cal ways to enhance productivity in manuf ac- 
'^'^ turing, . including redesi^ung products for ease 
bf fabrication and assembly: 

How CIM Worfe— There are two different 
schemes for CIM: In .vertically, integrated 
manufacturing, a designer would design a 
product using a CAD system, which would, 
then trtoslate the design into instructions for 
productibri oh CAM equlpnient: Managemen^^ 
informatibri systems and cqraputer-aided plan- 
ning .systerns^would 'be used to control and 
mbnitbr the process. A horizonta) approach to 
integration, on the other hand, would attempt 
tb cddrdiriate only the manufacturing portidn 
bf the process; J^e:, a set of computer-aided 
rnanufacturing'equipineht oh the factbry floor 
is tied together and coordinatsd by cbmputer 
instructions: A flexible manufacturing system 
would be a good example bf such horizontal 
irtegration:* Vertically integrated manufac- 
turing is what is most cbmmonly meant by 
"CIM, however, and many experts would con- 
sider horizontal br " shop fl<joi ' ' Inte^ation to 
be only partial CIM. Figure 9 is a conceptual 
framework for CIM which illustrates the role 
of some of the PA.^^tecHnologies at various 
levels bf factory control. 



^'This phenomenon has b*:€n noted in a variety of place^;i\- 
clucHng OTA work environment case studies, and the OTA 
Autdmation Technology Wpd^shojg^. May 29. 1983 - 

"B Bums, Maimfacturing Technology Group ^L^^^ 
Lockheed'G^rgia Cd.,xuted iis " Considering People Before Im- 
plementation/' CAD/CAM TechnoVogy. fall 1983. p. 6. 



♦Vertical and horizontal integraUon of prbgramma^^^ 
matibri equipment «?hoa:d not be confusedjv^ith vertical and 
horizontal integratibh iii the markets for selling this equipment: 
this will be discussed in chapter 7. 
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Figure 9.— Pfogfamrtiable Aotomation Factory Hierarchy (Simplified) 
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A vertically inte -d factory usually im- 
plies raaximi; m usf J - '"dihatioh of aXL PA 
teehhblbgies, anctciin invcwe much more cen- 
tralized cbhtrbl ot rnanufacturL , processes 
than a hohiritegrated prbdUciioii process. 
Cbrrimuhicatibh and shared data bases are 
especially irnpbrtanl for CIM. For example, 
CAD systems rnust ?ble to access data 
from irivehtpry on the Cost c^^ raw materials, 
arid from CAM systems on how to adapt the 
design to facilitate manufacture. Computer- 
aided manufacturing systems must be able to 
interpret the CAD design jmd establish effi- 
cient process plans. And management com- 
puter tools shou-d be^ble to dv^rive up-to-dato 
summary and p rformance miormation from 
both CAD and CAM datf»: bases, and 'effective- 
ly help manage the maii -facturing bper.atibn. 

Sbrne parts the above rbquirements are 
already possible, while others seem far on the 
horizon. Factory data bases now tend to^be 
completely separate, wthv^iy different struc- 
tures to serve different needs, in particular, 
the extensive cormriiinications between CAD 
and CAM data bases will require jnorjB 
sophistication 7^. both CAE* and GAM, 
research on how to establish such communica- 
tions, and finaHy, major changes in tra^itibnal 



factory data structures in order to implement 
such a system. 

/VDpUcatioiis.^ClM sounds like Utopia to 
nia ' rnahufacturers because it promises to 
solve nearly ail of the problems in manuf ac- 
luririg that were identified in the section on 
**the manufacturing process'' at the begiimin^^ 
of this chapter, and inpaiticular it promises 
.0 dramatically increase managerial control 
over the factory. De?".gn changes are easy with 
extensive use of CAD; CAP and MIS systems - 
help in scheduling; FMS and other GAM 
equipment cut turnaround tirhe for maT^^^ac- 
ture minimize productioji costs, and greatly 
increase equipment utilizat oa: conhectibris 
from CAS to CAM help create li isighs that 
are economical to rriahufacture; cbhtroi and 
corhmt'inicatibri is excellent, with miiumal 
paper flbw; and CAM equipment mimmir.es 
time Ibss due tb setup and materials handling. 

Many oithe cbmpahies which rnake exten- 
sive use of computers view the^*^ factories as 
examples bf CJM, but bri close exaininatidn 
their ihtegratibh is hbrizbrital— in the manu- 
facturing aroa bnly—br at best includ as pri- 
marily rnahLfacturing and management. Boe- 
ing, however, has made substantial strides 
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toward a commbri design and rriajiuf acturing 
data base system in their CAD/CAM Inte- 
grated Ihforinatibri Network (CIIN). Similar- 
Iv. Genercil Electric, as part of its effc rt to 
become a major vendor of factory automation 



systems, has ieriibarked on ambitious plans for 
integration at several of its factorit% including 
its Eri^Locombtive Plant, its Schenectady 
Steam Turbine Plaiit, and its Charlottesville 
Controls Manufacturing Division; 



Teehhical Trends and Barriers: Future Applieatiens 



While the possibiUties for application of ex- 
isting programmable autorriatidn tools are ex- 
tensive; the technologies continue to develop 
rapidly. 'Fhey depend on and share the extraor- 
dinary rate of growth in techm^cal capabilities 
of computer technologies as a whole. 

There are five themes in che directions for 
tievelopment in each of the technologies. They 
are: 

• increasing the power of t he technojogies— 
i.e., their speed, accuracy, reliability, and 
efficiency; 

'- increasing theJr versatility— the range of 
proi)lems to which the technologies can 
be applied; 

• i ncre as i rig the ease of use, eo that they re- 
quire less operate*- rime ai^-d training, can 
perform mors complex operaiibris, and 
criii he adapted to new spp.'.'cations rribre 

quickly; -j u 

• inc-p^i^^mg what is commcruv called the 
intelligence of the systems^ sb that they 
can offer advice to the operator arid re- 
spond to complo:c situatibris iri the man- 
ufacturing environrrierit; and 

• increasing the ea^e of integration of PA 
devLces so that they can be comprehen- 
sively coordinated arid their data bases 
intimately liriked. 

This section first summarizes the principal 
research efforts and directions for deyelop- 
riient of the five technologies on which this 
■ report ; 'im.ariiy foftuses: GAD, robotics, NC 
machine tools, FMfp, and CIM. Next, it su^ 
nnirizes issues in several technio;^J areas whicii 
[l ive a large potenllal impact on all the tech- 
nologies: artificial intelligence, standards riMH. 
interfncc'^; hmnan factors, materials, and sen- 



sors. Chapters 8 and 9 describe the institution- 
al eonte:ct for research and developm43nt{e.g:, 
sources of R&D furidirig), and compare R&S 
programs bri an iriternational br.sis. 

Trends and Barriers in Five Technologies 
Conipu^ r- Aided Design 

Ther 3 are at least three generations oi' CAD 
equipment, two of wliic^^ are widely available 
commercially, with the third^stiU largely in 
prototype applications and R&V 'abs. The 
first are the 2-D computeized drafting sys- 
tems mentioned earlier in tli^ chapter wiiich 
streamline the process of drawirig and, espe- 
cidly , editing the drawings bf parts, plans, or 
blueprints. The secoriu gerieration are 3-D 
CAD systems, which allow the user to draw 
an image of a part using either wirefroinc 
models or **surfacirig'' (displaying the Sr:xfaces 
of objects). 

The third generation, commercially availabl e 
within the past few years but still in their in 
fancy, are the so-calltt"a solid modelers. Sucr. 
systems (actually ah expanded 3-D /rpabilv 
ty) can be used not only to draw the objec in 
three dimensions but also to obtain a really: 
visualization bf the part. Users can rotats, 
move and viev^the part from any gngle, and, 
in some cases, derive performance characteris- 
tics. Engineers at IBM's Poughl:eepsie plant, 
for exarriple, use an advanced CAD system; or 
this type to design cabinet arrangements for 
IBM rriairiframe computers. Because the sys- 
( am "cdristructs ' a sophisticated solid mbdel 
of ari object, it can be used t^ visualize such 
design issues as compcner . cleara ice prob- 
lems. One can even "pull out a c* awer" to 
make sare do^s not hit a cable, for instance. 
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Photo credi*: Computervlsioh Corp. 

An expioded view of a part, assembly. . J rom a CAD 
jy'slem with solid modeling capabilities 



There seems to be a consensus among manu- 
facturing managers and researchers tjiat such 
third-gencratjon 3-D CAD systems are a criti- 
cal element in the progrrs'S toward effective 
and powerfu) use of progreonmahle autbmatibn 

factories, 'i ne increased sbphisticiitibn c" 
3-D systems greatly imprbves the ability of 
such ^ytte Tis to cbmmunicate design specifi- 
catibn-j tb manufacturing equipment. While 
third geiiei atibh 3-D stems are techiiicalty 
feasible how, Ihore are hbhtechhical barriers 
tb implemehtatibh of 3-D systems, in part 
because of the com' 'cxil y of the systems and 
the problems encountered in switching from 
2-D vJ 3-D systems. In fact, there is a need 
for a roarth generation, a CAD r^: stem which 
offers mure '^.intelligent" design aissistance and 
can be ea. linked to other programmabk 
automation systems for manufacturing and 
management. 

Indeed, thei-^ seenr to be Ll ;ee related 
tiicrhes in current CA.D res earch: 

1 : improving the algonthms for represeht- 
injty objects using the computer so design- 
ers Ccm creai"e and manipulate complex 

li, Siinon, Coniputervisioii Corp,, personal rommunication, 
Oct. 6: 198a. 



objects in an efficient and intuitively clear 
fashion; _ _ 

2; adding **intelKgehee'' to GAD systems* co 
that they pr^yent design errors and facil- 
itate, the design prbcess; arid 

3. devBlbpihg effective interfaces between ; 
CAD systerris aiid manufacturing and 
mahagerrieht. 

J^P^oving Aig-on'tfims. —Represent ing 
shapes in computer memoiy and manipulating 
those representations has been arid, reriiains 
a difficult chaHerige for coriiputer researchers. 
As the power and complexity of CAD systems 
increase, their coriiputirig needs grow rapid- 
ly. One bf the problems iri hiariipulatirig com- 
plex shapes with the cbiriputer is illustrated 
by the experihierital CAD ^:/^ste^ri used for 
computer cabinet design at IBM: One of its 
creators reported that a typical manipulatidh 
of a complex object— saj', generating aii im- 
age of the cabinet from a different viewing 
ahj^le, with all hidden lines removed— mig^^ 
take several minutes of computer processing 
time.* Although the system is still useful, 
clearh^ quicker response is needed^f or the de- 
signer to haye optimal flexibiUty^from a CAD 
system. A shorter response time can come 
from a faster computer or from more efficient 
ways of representing and riianipulatirig shapes 
in computer riiembry. 

Althougi; faster computers are unquestion- 
ably on the horizon, much of the current re- 
search on C AD involves attempts at more ef- 
ficient representations^ The^fficiency of a cer- 
tain scheme alsc depends on^hbw easy it is J:o 
y^^-L ^ wide variety of schemes are being 
studied, none of-which haa^ clear overall su- — 
periority. One tz leriie, called **coristructive 
solid geonietry,'' involves assemliiirig images 
by corpbinirig .<?imble shapes, such as blr>:ks, 
cylinders and spheres:,. The btiier is bburidary 
represeritatibn, ;n wh.ch an bbject is •.'bri- 



*OTA site visit, D. Urbe3mah. IBM Corp. Yorkldwh Heights. 
N y _._Jun_e_8, 1 983. 'IHidd^n lines' 'Jnjmages are those edges 
of a soiici object that one cannot _see from a given "iev/inj^ angle, 
Grossman reports that when CAD is used for. such mechanical 
rribdels a- the Gdrriputer cabinets discussed here, each mod'jl 
consists a polyhedrbn with roJghl> 40.DDD separate fpces for 
thr comHJtcrf'j jtore, nianipulatc, and determine wh -'ler they 
would be •'hiddep.'* or not. 
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structed as a set oHndividual surfaces. For 
example, one system Being developed by a 
group at the Universjty of Utah_is based on 
**splines." The designer rnahipulates oh the 
screen the equivalent of the thin metal strips 
used in models ^f boats or planes. He or she 
can expand them, curve them, cut them, and 
so forth to create the modei.^* 

There is some concern that not enough time 
and effort in industry is bejng devoted to ex- 
panding the technologies, particularly the al- 
gorithms available for ''solids modeling," i.e., 
for true three-dimensional representatiphs of 
objects. Thus tl 10 .-experience base" of indus- 
tries experimenting with 3-D systems is very 
small, and such experience is necessary to re- 
fine the systems and determine the needs of 
manufacturing industries 

Adding ''IntelUgence'' iq G^^ 
dustry there is much discussion of **smart" 
CAD sysi *ims which would hot permit certain 
operator errors. For example, they would hot 
pei-m.it the design oi an object that could hot 
be manufactured, a case without a handle, or 
a faulty cu-cuit board. Further, they would fa- 
cilitate the designer's work by such functions 
as compj ring a design to existing designs for 
similar objects, and storing data oh standard 
dimensions and design sub-uhitis such as fas- 
tener si-^es and standard shapes. Such systerns 
migh* also increase the ability of CAD sys- 
tems tc simulate the performance of products. 
There is much cbhcerh over "bad design*' in 
industry, and* intelligent CAD systems are 
considered one way to improve tne situation. 

Though such systems ha^/e become rather 
"advanced in eldctrohies apphcatiohs and offer 
soine hope of becoming more so, there i af yet 
little m the way of **smart** CAD systfc^ns for 
mechanical applications. A few systems can 
be programed to question a designer's choice 
of certain features that are hohstandard—a 
^2-mm screw hole in a shop that only u.ses 20^ 
N'i.SO-mm holes, for iir^tar Seine research- 
,ii f:-?! that it will be possif to use an **ex- 
pert' ^^ysterh (see the next sectioii's discussion 

'~'*U KeisenfeJd. professcr of computer science. University of 
IJiiih. porsb.ial c<>mrTlunication. 
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iy and cost of their designs. Such^omprehen- 
sive connections between design and manufac- 
turing are currently far beyond the state-of- 
the-art. 

There has, nowever, been modest progress 
toward interfaces between CAD devices. The 
Initial Graphics Exchange St&ndard, devel- 
oped at the National Bureau of Standards 
under U.S. Air Force sponsorship, allows dif- 
ferent CAD systems to exchange data (see^ch. 
8). However, while interfaces between comput- 
er-aided design systems are becoming easier, 
there is as yet little process in allowing GAD 
and CAM systems to communicate, in some 
cases these devices can be wired together into 
a computer network, but establisliing an effec- 
tive interface requires sophisticated software 
to manipulate rnanufacturing information so 
that it is useful for designers, and vice versa. 

Movement toward _di3sign-manufacturing 
connections is impeded by a^trong^tradition 
of separatism among design en^rseers anjl 
manufacturing engin^^prs; A common descrip- 
tion of the relc^*.^" is, ''The design engi- 
neer th^ow-^ 'J^*^ sei :irawings over tf\e v/adl 
to man . ^.rnngJ' There is evidence that 
such bai l iers are begihninr ^ break down, 
sJbwly, as the need for cbrrirriuhicatiori has 
b^cbrne pppa'-ent. and as ehgirieerihg schbols 
hav^e begun to bro£deh the cohnectiohs be- 
tween design arid rriariufacturirig cun'icula. 

There are many reseetrch efforts whose ulti- 
mate goal includes sach connections between 
CAD and other manufacturing systems. These 
research programs include the Air Force's In- 
tegrated Computer. Aided Mariufacturirig proj- 
ect, as well as the Natibrial Bureau of Starid- 
ards (NBS) National Erigirieeririg Labbratbry 
and a jbirit M'est Germari/Nbrwegilal effort 
lsc?e ch. 9). The heart bf thVj latt-^r effort is an 
atterript to use a very advanced gebmetHc 
modeling syKcerri dev / :ped by the Technical 
University or Berlin as the basis for develop- 
ing software which would allow design to be 
connected to all at^-Jects of the manufacturing 
process. In addition, users of PA, such as GE 
and IBM, are also working on irterface issues. 
However, full integration still ^rns at least 
a r^ecade off 



Robotics 

Robotics research is currently an area of ih- 
terise interest in both industry and uriivef- 
sities. There are a dozen of more universities 
with significnnt ongoing research projects: in 
robotics, and perhaps 3 dozen industrial f : ais 
and independent laboratories. Government 
labs at NBS, the National Aeronautics and 
Space Adniinistration (NASA), and severzil at 
DOD, are also involved. 

In part because of the technical immaturi- 
ty of robotics technology, and in part because 
it is a complex and interdisciplinary technol- 
ogy, there are many discrete areas of research 
probleras and possible directions for extension 
of capabilities. The problem areas include:^* 

• Jihprovcd positronihg accw^^cy for the ro- 
bot 5 arm.— Iricreased accuracy is essen- 
tial for riiariy appUcatibris bf rbbbts, par- 
ticularly in asserribly operations arid other 
cases where a robot is prdgrarried offline. 
Wlxile current robots are precise (they can 
return to the same position on each cycle 
fairly reliably, within perhaps O.OOi'i mch), 
their accuracy (the ability to arriye at a 
predetermined point in spacej^ is not near- 
ly ^o reliable^ Sey^eral techniques are be- 
ing used to increase accuracy in robots. 
Though the traditional jansv^ :.:* has been 
to increase the stiffne^ss ajjd riechanical 
precision of the manipulator anrt, such ap- 
praaches can greatly inereac^e orie weight 
and cost ot the unit Software calibration, 
a technii^ue Deing developed at the NBS, 
involves adjusting the robot's electronics 
to cbmperisate for iriaciruiacies iri its 
rribverrierits. Another technique irivolves 
Using macturie visibri systerris to *'watch*' 
the rbbbt iri actibri arid cbrrect its move- 
riierits as ^h^ occur— this technique c.iold 
potentially improve both accuracy and 
nrecision. Of the two, software calibration 
' ar simplei- technically and is likeiy tc 
ivailablc far sooner. 

'M; S: AIIjus. "IiidustHr 1 ]^O^ot-l>chnbldgy and Pridu... 
iy Imprbvemerit.'* ExploiHUny Wcrkshop on the Social lin- 
pfxci's Robotics: Summary. :\nd Issues j WaaliingUin. D.C.: U.S. 
Congress, Office of Technology As-^essmenf,, OTA BP-CIT-l 1. 
February 1982). pp. 62-89. 

m 
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• Increased ''grace, dexterity, and speed/' 
—The physical structure of the mardpu- 
hitor-its material, actuation mechamsm, 
and joints— has remained substantially 
the same for several decades. Several 
groups of researchers, sponsored by 
NASA and the Defense Advanced Re- 
search \ Projects Age; icy (D A RP A j, among 
others, are working on lighter structures 
for the robot arrn. These would most like- 
ly consist of composiLG fiber materials 
similar to those now used extensively on 
aircraft^ about one-sixth the weight o^ 
steel. Though the technology for such 
structures exists, composites are extreme- 
ly expensive and the costis holding back 
further use in robotics. Otiier directions 
for progre. s in robot structures include 
fundamentally different designs for the 
rrianipulator arm. A Swedish group has 
developed an arm whicii is structured in 
some ways like a human spinal column^ 
while other research is directed toward 
using :*tendons-' to effect movement of 
the ar.w, as m the human rnusculoskeletd 

int:.'raction. 

Cost is not the only drawback to the use 
of lighter structural materials^ In addi- 
tion, the robot's controller must become 
more sophisticated in order to direct the 
motions of a lightweight, and inherently 
somewhat flexible, robot sarm. For in- 
stance, computer scientists and mathema- 
ticians must Je^^elop control algorithm? 
that will pre/ent backlash- i,e., the *^play 
or vibration that occurs when the arm is 
moved quickly from one position to 

another. , , 

Fihallv, gripper design needs to be 
made r.bre flexible. Diroctioris for prog- 
ress in grippers include both developing 
••hands" hat can be used to manipulate 
a wider variety of oHI -ts, and also devel- 
oping ^-quick-changc ' grippers so that the 
robot can autoaomously exchange one 

"hand** for another. -j^ 

* Sensors, imumng vision, touch and Jorce. 
— Because sensors can be applied to a 
wide range of prograrnmable autornatioi. 
devices, thev wiU be addressed in a sepa- 



rate section later. One problem relevant 
lb robots is the development of control 
systems that can accommodate sensory 
information. Systems are only now begin- 
ning to become available that can accept 
feedback from various kinds of sensors. 
In part, these systems have developed in 
conjunction with new generations of lobot 
progranaing languages, to be discussed 
below. A c^ontinuing tehsiori in devel- 
opment^ of robots is ^hether one should 
structure the robot's environment so that 
it does not need f^xcchsive sensing, or try 
to provide sensors to enable it to cope 
with an unstructured environment. 

• Model-based control ^vsfcems, — The most 
advanced and versatile controller for a 
robot would be ont. that had £c> internal 
model of its environment. In_other words, 
it v/r\- ' ^ -^^'^ a store of information about 
^Vi, \siorial world, what the bb- 

i with were siiv^posed to 
Icf ^1 i?Ke, and the- ruJ-^s for liow 

f)h'> c ojects li^teract with eacA ether. 
Although this problem has Iht igued 
many technologists, who view it c s one 
of the ultimate sohi:6):ons for exppndmg 
robot versatiHty 2nd "intelligei' re," it is 
extraordinarily difficult to nnp?*: t such ii^ - 
formation to the machine, Mid even to 
decide how one might structure such 
information. _ 

• Soft w^are;— Methods for programing ro- 
bots are becoming easier and more effi- 
cient. although there is still substantial 
work needed in this area, two languages 
have been released recently— IBM ^s A 
Manufacturing Language (AML) and j 
RAIL, by Autbrnatix— which are consid- , 
erably rhore pdv^erful than traditional 
robot languages, and which permit more 
sophisticated programing techniques, 
similiar to advtjicecl g*sr/=»;ral-purpose com- 
puter laiiguages such as PASCAL or 
ADA.. Most/other prograani^g languages 
currently aivailable are j^ather cumber- 
some arid inflexible by conaputer-Lndustry 
standards/At the same nime, te^xhing-by- 
guiding prograrning :s becoming less 
practical for complex applicatibris; it 



so 
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delays production snd^has 
capabiUtjesJor editing tfi 
using sensory information 
There is stiH much progn 
in jvuman interfaces with r( 
si^ of languages and pre 
terns that can be ihdst_eaj 
tively used by humans. One 
improving human interfac 
just become availab le^ is tl: 
to program robots and siini 
eratibn. The ability to via 
bbt's path may permit n 
planning and and debtiggin 
so that prddiictidn need ni 
in order to test a. robot pr 
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:'dted • In terface standards. — Standards need to 

m or be developed for communication of infor- 
rriatibri between robots and niacWne tools^ 

nade sensdns, and control cqinputers^ While 

te de^ such standards are a tractable prob^^^^ 

sys- prograitmiable automation pr5)ducers, as 

jffec- well as the computing industry, are only 

pe for beginning to make progress in establish- 

i has ing stand,ards^ and the standards-rhaking 

CAD process is long and intricate. In the mean- 

irop- time, efforts to establish interfaces be- 

e ro- * tween robots ahd_ other autbrhated de- 

ctiye vices are hindereiby^a lack of standards, 

rirms Researchers at NBS report that 3drne 

pped manuf actm^rs refuse to divulge details of 
the operatibh of their equipment tliat 




Photo credit: Computervislon Corp. 



Simulation of a rcbdtVi ope ration 
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would enaijie the equipment to be Hnked 
to other computers. (See the following dis- 
cussion of standards and interfaces.) 
• Mob/iity.— While techni^^ for limited 
movement along rails are already avail- 
able for robots, the more general problem 
of developing a robot that could navigate 
its way through^ cluttered factory is far 
more difficult. There is some argurrieht 
about'whether such mobility is even nec- 
essary for the factory ^sorrie would assert 
that such technology is too esoteric for 
the factory, and the plant should instead 
be organized so that mobility is unneces- 
sary. There is substantial research in 
mobility, however, iri large part sponsored 
by DOD agencies for specific battlefield 
applicatidris. 

Numerically Controlled Machine Tools 

Although machine tools are a well-estab- 
lished technology, there continues to be a need 
for substantial improvernehts in the tools arid 
their controllers. A **Machine Tool Task 
Force," bperatirig under the auspices of DOD > 
Air Force Materials Laboratory. Tssiisd a re- 
port in 1980 calling for hundreds of improv;^e- 
mehts and hew research efforts. Among th'j 
ones most relevanC to this stvdy i;rc> those 
listed in table 10.'^ 



"•Machine Tool Task Korcc. ^'Technolofn/ of Mscliine Tdt Vs:| 
A Survey of the Stai»j of ^he Art" UJyer more. Calif,: Lawrence| 
I.ivermore Natiorilil Lnhoratory. October 1980) i 

I 
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The bulk of machine tool R&D takes place 
in the laboratories of machiiii tool and con- 
troller rriahufacturers. A smaller but signifi- 
caht amoiiht of work is undertaken at univer- 
sity mechanical chgirieering departttients, with 
furidihg frdrn industry or the Federal Govern- 
ment. The chief research problems can be 
divided into those involving the machine itself, 
and thd.se involving the controller. 

The Machine T^ooi.— Many of the develdp- 
meht needs for machine tools ihvdlve devices 
which facilitate the use of the tdpls under com- 
puterized cbhtrbl. For example, chip removal 
—disposal of the metal shavings that accumu- 
late in large volume during machining--is a 
big problem in industry, a problem that gets 
bigger as machines get more efficient and 
rndre automated. Various schemes hayej^een 
used fdr chip control and disposal, none of 
which are entirely satisfactory. Many engi- 
neers believe the answer is not to create the 
chips in ttle first place~^y forging the part 
c 'ose to its final shape, fc^ example, or machin- 
ing with lasers instead of cutting tools. While 
"near net shspe" forging is becoming more 
prevalent, laser machining .is still immature, 
and not yet practical for widespread appli- 
cations. 

Another problem in rnachine tools, whether 
aa tc .iiated or manu al, is tool wear. A drill bit 
or grinding wheel has a fixed useful liife, after 
\vhich the quality of cut begins to decUne and 
K'tiB tool eventually fails. Tha traditional solu- 
tinn to tool wear is simply for an experienced 



Table 10.— Machine Too' Task Force Recbmmendatloris for Imprbvlrig Machine Tool Controlr> 



Area of improvement 



Too I set _t i 

Di'. :->03t'CS and sensors 



HardwareJH) or 
SGftw^rri (S) 



Fixtuiihy7c! - 
NiC progr>an 



-ig and ihstructidn 



Prrrirarnmabte controls 



Interlace stonfi..-.''^s . 



H/3 



O bjective 

Reduce setuD Urne.Jnnprove. accuracy 

Allow more ci.the im;X'ftant parameters to be sensr;d and 

rribriitbred for faiJuce identification 
More versatllitv of fixture and iess se.^p time 
bevejopjmp.rovec nev cornputer jubroUlines ;j simplify 

. . and reduce ♦ime.fcf pjograrnincj 

Integrate machine prcnesses int^' ccmputerizcd system; 

enhanc? co riven tic rial machJrijB. opsrationr; p r/ide 
__ jnjerfacing dcvicL^'S anc! Nexibiliti 
I'nprov^. upgr^'lino and grc.r4h-''etrbfit poleriti'.': 
!nicic!^ange,?''ji-ity 



Icoi.TasK forc'}. Tnchnhlogy 't 



, October J^flO. 



EKLC 



Cfi. 3--Prdgramma bTe AulOfTiaVoh TechnpTogTes • B1 



machinist to listen to the machihe tool arid, 
ideally, sense when noise and vlbf atioris be- 
come abnormal. In situations where that is not 
possible, particularly on CNC machine tools, 
machinists replace the tool after a specified 
period of tool life. In addition, the Japanese 
are said to run their machines at islower speeds 
in order to minimize tool iu^. during un- 
manned machining. Howeveu ; vo ' can fail at 
tilmqst any point in their u? - - ''h -'l bit may 
fail after it only drills a fev hr>;>: -v or it may 
last for hours. This variabiu iy :nakes pre- 
scheduled replacement difficult and inefficient. 
Thore has been some progress in developing 
ciovices that can sense tool wear and report 
when tooJ^hange is needed. The National 
Bureau bf^Stahdards, for example, has a pro- 
totype device that **listehs'* to the vibratibris 
produced by the tool and can be **taught** to 
recognize abnormal vibrations. 

The rate at which a machinq^ tool can cut 
metal depends on many factors— the type of 
metal, the depth of cut, the condition of the 
tool, and so forth: Gohtf olHhg the speed of cut 
or the feed rate so as to cut raetal at optimum 
removal rates has been a cohtihuihg research 
and deveiopmeht problem in the Industry. As 
with sensing tool wear, the traditibiiiU answer 
has been for experienced machinists to adjust 
a cutting speed or feed rate dial bn the ma- 
chine. In the past decade, varibus "adaptive 
cbhtrbr' devices have been deyelpped which 
vary the **speeds arid feeds'' of the machine 
rbdl based ori mdtdr load, for instance. How- 
ever, these devices have had Urieveri reputa- 
tions for effectiveness arid reliability. 

! "inally, a great deal of effG^ t is hbw being 
dc'v t . ed tb increasing precision in - lachirie 
tool - Th(. Navy's prf^cisibri rriariufacturirig 
prog an: v ^ill be descnb^cjd in chapter 8. 

Relatea \o improvements in precision, a 
long-term g. ai for machine tool technology in- 
volves meas'.^rement of parts during machin- 
ing: With sucii a scheme, quality problems 
could be identified and corrected during man- 
ufacs^tr'ng rather than afterwards, thereby 
redt'Cing waste. NBS has done some prelim 
inary research oh uch a system bf bn line 



metrology at machine tools, although commer* 
cial use of suc^\ svr>tems is lirnited co very sim- 
ple and pre^li^ abk fiart geometries. 

Machir:e 's Controllers.^ As with all 
other fbriiiS bi prbgrariiriialDle aUtbriiatibn, 
there is cpritiriUirig deriiarid for arid reseaich 
dri sirriplifyirig prdgrarilirig of NC machirie 
tddls; the same hdlds true for the rieed to 
simplify arid set standards for iriterfaces— be- 
tweeri machirie tool and controller, between 
machine tools, and between machine tools and 
other automation devices. A critical issue is 
the development of effective interfaces jse- 
tween CNC machines and other computerized 
devices, so that, for example, GNG machines 
can derive^their cutting instructions from the 
stored dimensions of a design produced with 
GAB. This is now possible only in specific 
limited situations, where tremendous effort 
has been devoted tb develbping the interfaces 
for a particular applicatibn. 

Flexible Manufacturing Systems 

Flexible mahufacturirig systems fbr the ma-, 
chining of prismatic parts are becdiriirig rriore 
prevalent, ^Jid_ are a relatively established 
techriblogy. FMS for rdtatidhal parts are just 
begiririirig to be availahle, while the rarige of 
other possible applicatidris for FMS— gririd- 
irig, sheet riletal workirig, or assembly— are riot 
beydrid the reach d:r cUrrerit techndlogy, but 
are drily at eairly stages df development. 

Many of the chief R&B problems for FMS 
irivblve logistics: design arid layout for the 
FMS, arid cbrriputer cbritrbl strategies t^^.at 
can handle sbphisticated corabiuatibris df 
pdwerfiil riiachirie tddls. !ri add) tidn, there is 
a rieed fdr riibre sdphist:*<.atidri in simulatibri 
systemei fdr the FMS s:> chat their efficiency 
cari be dptlmized. 

There are a var bi;y of enftarcements to FMS 
hardware which^eem to be bfl the hdmbrL In 
addition to all of the developrnehts described 
under the individual technblcgies, these in- 
clude autbmatic c ielivery arid changing crZ cut- 
ting tools, arid systeri^s for autbriiatic fi^turirig 
arid defixtr*. mg of rriaterial td be processed. 
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Improving the reliability and versatility of 
materials handling systems is also an impor- 
tant need for FMS; As mentioned earlier, the 
level of sophistication in materials handling 
technolo^ often does not match that of other 
technologies, and the A MH system may 
bo the "weak link" in the FMS. 

Computer-Integrated Manufacturing 

Cbmputer-integrated mar^ifacturing receives 
' substantial alt antion in industry discussions 
arid trade journals, though there is relatively 
little active R&D at this level of the comput- 
erized factory. This is ar least partly because 
there is not yet substantv^i demand for CIM 
systems. GE and IBM hava begun to work on 
computer-integrated manufactv:ring, as have 
some Japanese firms, particularly Hitachi, arid 
a coalition of laboratories in. West Gerrriariy 
and Norway. The Automated Manufacturirig 
Research Facility at ttBS is perhaps the 
larg^^t test bed for CIM techniques. It is 
described in more detail iri chapter 8. 

As with FMS, one of the key issues in GIM 
development involves the logistics of a com- 
plicated factory. Several groups, including 
NBS. the U S- Air Force IGAH project, arid 
Computer- Aided Manufacturing Iriterriatibrial 
(CAM-Ij, h ive been working on *'architec- 
ture'i" for such an automated factory. Figure 
10 is an example of such a cbriceptual frame- 
work for CIM which forms the fburidtitibri for 
detailed work oh factory control architectures. 

One of NBS's major contribut\Dns in auto- 
matibri R&D has been in developing; strate^es 
fbr the interf ac; c f prDgi;anr:Tiabie aM:t' jmation 
devices. Their emphasis has be-^n on what they 
call a 'mailbox" or de ^centralized approach to 
factory communicatioi: and control. In such 
a svsiem. the control of the factory is di^trib- 
uced at different levels^amorig the various PA 
devicesjsee fig. IG). Fbr pxample, a factory- 
. level computef might s^nd a message to a pf o- 
ductioh-level computer— "Make 150 of part 
number 302570." The prbductibri-level corri- 
puter would then send a message to the **mail- 
box" of a certain work cell— "Execu^::e produc- 
tion plaii for p<^xt 302570, 150 times." In turn, 



the work cell v^onlrolier v.'o.xir) send rriessages 
to the mailbox of th^* iM^Jchin^ tools arid rbbbts 
in the cell, to execute certaizi prbgrairis stbred 
in their memory. 

Tine maiibbx" approach differs from a cen- 
traiized, br **star/\approach to autornated sys- 
tems cbritrbl in which a central cqniputer di- 
rectly cbritrbls each action of every machine 
iri the factory. The advantages of themailbox 
system are that it sirnplifies st^idards and in- 
terface problems— the only mterf ace standard 
riecessary is for the location o£the mailbox iri 
which to deposit messages. This aUbws brie 
robot to be substituted for another, for exam- 
ple, V7ith relative ease: The mailbox apprbach 
allow ^ different PA devices to operate usi rig 
diiiorent languages and proprietary operatirig 
systems, as long as they are able tb iriterpret 
messages from the computer cbritroller. 

Hierarchical arrangements for automated 
rriariufacturing, such as those iHustrated in fig- 
ure 10, tend to involve a large number of sep^ 
arate computers, each with separate data 
bases. Techniques for ^^distributed data base 
maiiageinent,'' that ^s,^ managing and riiariipi- 
ulating data in several eomputai^ systerris 
sirnultai)eously, need to be developed iri order 
for a hierarchical arrangerrierit tb be practical. 
Similarly, t^hniques and standards for estab- 
lishing coTninunicatibri be^we^ri cbmf 'uterfzed 
dn^^ces, both in-plarit arid between plants, 
need to become riiuch rilbre soplristicated. 

A group of researchers at Purdue IJniversi- 
Ly, in coUaboratiqn with c>.?veral Uutge iriarivr 
fac-urers, is attempting tt cxplbit currentl;^ 
available technologj to desiLP. an aciual fac- 
tory with maxhhum computer iritegritibri. 
The leader of that 'effort argues ux,.t th.^ ti^ch- 
nology for GIM is aviiilabie, arid thlt tochr.ical 
advances, though wolccme, are not ii/rcoss -ry. 
Rather, he c^gii?h iha^V factors hbldiiig back 
•'fit'ly" automated riiariuf^ctiiririg ale prirnarily: 

1, the lack of standards for interface?, ccrr- 
mumcation networks, and prbgraniirig 
lar.guageF; 

2. a ueed for more p'' werful datA.-base riari- 
p<^en)ent system^ 

3: the need for entailed ma*:hematicdl 
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Figure 10.— NBS Scheme for Djstribatod Factory Control 

.iy") 




models of physicai arid chemical proc- 
essed: 

4. shortages of teclinical personnel; 

5. shortages of computer power; and 

6. manufacturing management who are 
unaware of the detailed technical benefits 
of automation. 

Technical Trends and Bafi *^rs: 
Gross-Gutting Issues 

ThiEV foUowing issues are riot primarily con- 
nected to a particular automation technoldg>% 

' T. WiJliams. Purdue l.ni>bratory for Applied ^:dM3triallCon_' 
t rol . * • Inform a lion Sy^ terns Technology and j_ oma tipn: 1 1 s 
y ay Status and a Prognosis," paper developed i" '- tHe 
American Society of Mechanical Engineers Winter Ahhi» . 
Mepting. Boston. Nov. 15. 1983. 



but rather have a large potential impact on the 
current and future capabilities of automation 
techhblbgies as a whole; 

Artificial Intelligence* 

Artificial iritelligence (AI) is a loose cdh- 
glqmeration of research areas united by th^ 
comiTiqn goal of designing machines which can 
perform tasks we would^ regard as 

requiring intelHgence^ It is sigm for pro- 
grgmmabJ'" -automation because many experts 
look to AI techniques as the key to automat- 
ing parts of the manufactu^-ing process here- 



♦A fdrthcorriihg OTA report, "Information Terhhbldgy Re- 
^^\^r^^^"^J^^'^'<^^oprnent,'* will discuss artificial intelligence in 
more detail. 
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tofore thought to be too complex for autbma^ 
tiori: 

The core of baste, Ibng-term A I re search in- 
cludes work on imparting such intelhgent 
characteristics as learning, reasonmg and 
planning to computers. Building on some oi 
this work are several more appUed rese^ch 
areas- the most sophisticated end of the.rohot- 
ics field; the development of^systems ic 
age processing^deciphering imajTos ft-om^^ioo 
cameras or touch sensors; deveJon - a, - ..r._ 
•niques to allow the computer 'ierstand 
natural language (e.g.. English. ^^^^ 
computer languages such as FORTKAN), 
both written and spoken; and expert systems, 
programs which can, through a soplusticated 
network of rules, advise or make decisions in 
specific situations much as a human expert 
would. 

While robotics and sensors (image under- 
standing) have been largely covered elsewhere 
in the chapter, nati^ral language and expert 
systems both have significant potential ap- 
plications for manufacturing in tins decade. 

Conrmercial systems for processing both 
written and spoken language have received 
substantial attention in the past 5 years. 1 he 
hope fo- both kinds of systems i:i t nf- °y 
allowing p-jople to give commands una com- 
municate with computers m everyday |an- 
craage. widespread use of the computer will be 
substantiallv easier. Fewer people woulcijieed 
t v learn specialized computer languages, and 
fev'or coinp'iter experts would be heeded as in- 
termediaries between computers and those 
who wish to use the computer as a tool. 
■ The primary applicatinn fer compu ^er proc- 
essing of written iang'-tage has been m trie de- 
velopment of so-callfid natural langaafcx front 
ends for data-bas#:.-marag,.'ment sy^stems 
(DBMSJ. In such a system, the data base— 
e.e . sales records for a company— and the 
DBMS itself used^o manipulate and sum- 
marize that data, remain essentially the sanie. 
However, the natural language front end 
allows users to type qufccHons m relativety 
free-form English, and translates ^Hose ques- 



tions into the spoiialized language used by the 
DBMS. 

For example, without a natural language 
front end. a plant manager who sought the 
answer to the question, "Which products m 
the 2000 series were sold in volumes of more 
than l.OOCI last year?" would probably refer 
the question to a prbgramer. who would write 
a short program in a computer language to 
process the request.* With a natural language 
feature added to the DBMS, that plant man- 
ager could type his request, more or less ex- 
actly as he vvoUld say it, into a computer ter- 
minal, and the requested information would 
appear bh the screen. 

In general, though, scientists have found 
natural language understariding to be a much 
greater challenge than origiually expected 
Because there are so many ambigwties and 
unclear references, Undei^standmg everyday 
languaes requires -substantial information 
about the context a gven statement or 
question, and the .'orld in general Organiz- 
ing such infbrmation to allow natural language 
understanding by comp'iter has proven to be 
an extremely difficult task, m part becaus^e of 
our very incomplete andeis .mding of how 
people store and manipulate sr.ch information: 

In practice, this means that eonstmcti^g a 
natural language front end for a DBMS re- 
quires weeks br months of work uvwTitmg 
code that sets fbrth for tfie computer the vari- 
ous meanings of the terms used for a particu- 
lar appUcation. and the possible ways they can 
be combinw.. Although many such systems 
eg- jlativety f reef brm questions, 

tj,.;, merely constricted in subject 

a^^', - . . . .-^rfis. thnsarhesye'«m wht^^^ 
can i -.'^ - 2stions about a fiiin's sales 
cannPt. dec^ipner i.ueries about the design of 
its products: 



*In one DBMS lahgoage. such a (very f in>^: program Wight 

look like: 

OPEN SALESB3: 

FIND ALL - - -■. 

FIND PRODNO GT 1999 AND LT 3000 
FIND SALESVat GT lOQO 
List PRODNO. SALBSVOL 
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Systems for computer processing of spoken 
language present a different set of problems; 
These involve techriiques for analyzing the 
electronic sicrials produced by a human speak- 
ing into a micrdphohe, and comparing them 
to signal patterns stored in computer memory. 
Voice recognition systerris have been devel- 
oped which are capable of interpreting perhaps 
100 words, spoken distinctly and Usually by 
a speaker to which the system has been 
"trained" to listen. Such systems can be Used, 
for example, to aJlow workers to give the com- 
puter simple cornmands when they do not 
have a hand free to use a keyboard. Various 
other uses have been proposed for such sys- 
tems, from directing the motjons of a robot to 
operating a GAB system, although the limited 
vocabulary and lack of flexibility of such sys- 
tems has hindered widespread use. Rapid ad- 
vances in hardware and software for voice 
recognition may expand their capabilities in 
the next few years. 

Both for written and spoken language under- 
standing systems, the lirnited breadth and 
flexibility of applications is a consistent 
theme. In fact, a generd solution to the pro^^^ 
lems of natural language understanding— e.g., 
one that could impart to a computer the lan- 
guage understanding capabilities of a 5-year- 
bld child— is probably at least two decades off. 

Finally .expert systems can allow the Use of 
computers in situations normally thought to 
be so complex that they require human judg- 
ment or **ijituiti^n." AI researchers have 
found that in a nairowly defined problem area, 
it is sometimes possible to simulate much of 
tJie judgment of human experts by breaking 
down that judgment into hundreds of rules for 
the information to look for under different cir- 
cumstances, and how to weigh that informa- 
tibh. 

Expert systems are typically composed of 
hundred^ ?f J^l^s, ^thered by painstaking in- 
terviewing of human experts, about exactly 
how they rnSke their judgments. The interview 
and development process for an expert ^^stem 
typically takes several years to complete, 
although it is becoming less time-consuming 
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as techniques for developing the systems 
become more refined: The interview tech- 
niques used by expert system developers allow 
the systems to capture many of the^subtleties 
of how ah expert arrives at judgments; 

Two of the classic expert systems, for ex- 
ample, are **Dipmeter Advisor." developed by 
Schlurnberger to offer advice oh oil geology, 
and Stanford's MYCIN, which advises doctors 
on antibjqtjc drug treatment. Figure 11 is an 
excerpt from the rules upon which the MYCIN 
system is based. The system asks the doctor 
a seriGS of questjons about the patient, and 
then^of fers a diagnosis and treatment (see fig. 
12). It can explain the rules it used to^riye 
at its recbmihehdatibn, and physicians can 
alsb imprbve the system by adcKng new rales. 

_ So'^^ Pfihe Ignore recent applications of ex- 
pert sj^stems, closer to manufacturing, are a 
system which guides mechanics in the repair 
of locomotives (Delta/CATS-l, developed by 
GE), and a system which helps configure 
complex computer systemsjXGDN. formerly 
**K-1," developed by Carne^e-Mellbn Univer- 
sity and Digital Equipment Corp:): 

_ Though the commercialization of expert sys- 
tems is only beginning, many industrialists 
have high hopes for their use in manufactur- 
ihg. A myriad of applications have been pro- 
posed, including systems which could mimic 
the performance of a human machinist; sys- 
tems for advising designers and preventing 
design errors; systems which would act as 
linkage between manufacturing and design 



Figure 11.— Sample Rule fitlm the MYCIN 
Expert System 

ffute 2/ 

lj the gram stain of the organism is gram 

negative, and 
2) the morphology of the brgariisni Is rod, 
and 

3i the aerpbicity of the organism is 
anaerobic. 

Then: There is soggestive evidence (0.7) that 
the identity of the organism is 
Bacterlbdes^ 

S O U R C E : R . _ D.avJ 3. an d .Rich \. Experj . Sysiems: Fund amen ials. 

luto^ial at 1983 conference of the American Association 
for Artificial Intelligence. 
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Figure ll—Sampie "Advlce"_Frdfn the WYCIN 
Expert System 



[Red 1] My preferred therapy recommendation is as 

follows: o ^ e e 

In order tojcover for items <1 3 4 5 o>: 

Giv^J QENTAMlCIN - 
Dose: 128 mg (1.7mg/kgj q8h IV (or m) for 10 

dayis 

Comments: Modify dose in renal failure 
in order to cover ,dr Item <2>: 
Give: CHLORAMPHENICOL 
Dose: 563 m^ (7.5 mg/M_ci6h for 14 days 
Comments: Monitor patient's white count 

Do you wish to see the next choice therapy? 

•V N0_ 

source" R Davis and C. Rich, fjcf'^rt SyaJfl/na; £un.dmnenfa/s, tutorial 
at-19fi3 cm^ferenca of ino American A330clatlon for Artlficiat 
Intolliger.ce. 

data bases; and even systems for overall fac 
tdry control. 

Two researchers describe the chEff acteristics 
of a problem area which makes a good domain 
for expert systems as one where:'' 

There are recognized experts; the experts 
are provably better than amateurs; the task 
takes an expert a few minutes to a few hourp; 
the task is primarily cognitive; the skill_ is 
(routinely) taught to neophytes; the task do- 
main has a high payoff; the task requires no 
common sense. 

It is unclear in this early stage of applica- 
tion of expert systems just bow widely appli- 
cable these tools will be. While the successes 
to date have been impressive, each of the cur- 
rent systems has been'the result of many years 
of effort in top Ai laboratories. Furthermore, 
they have succeeded in very carefully selected, 
and very carefully restricted problem areas. 
For example, GE's system for diagnosing loco- 
motive problems cannot be used to diagnose 
automobiles, or even to diagnose different 
brands or configurations of lcM:omotives with- 
out major alteration. 

With current high levels of interest in ex- 
pert systems, and evolving tools and tech- 
niques to streamline their development, it 
seems likely that these tools will be used in 

^K. DavU and C. Rich. /^Expert Systems: Fund™td^^^^ 
tutorial at Americm AssociaUon for Artificial Intelhgence 19B3 
annual conference. Washington. D.C.. Aug. 22. 1983. 



several areas of mahufacturirig. However^ it 
is unlikely that expert sy sterns will in the near 
future meet the many expectations which their 
recent successes have generated. It is easy 
both to underestimate the development effort 
ana skills needed to construct such tools, as 
well as to imagine new applications in areas 
which are too broad or ill-defined for current 
technology to handle. 

Sensing this problem, one recent National 
Research Gouncil committee report warned of 
"unrealistic expectations:"^* 

In ah extremely narrow context, some 
expert systems outperform humans (e.g., . 
' MACSYMA), but certainly no machine ex- , 
hibits the cbmmdn sense facility of humans at 
this time. Machines cannot outperform hu- 
mans in a general sense, and that may never 
be possible. Further, the belief that such sys- 
tems will bail ou^current or impending disas- 
ters in more conventional system develop- 
ments that are presently under way is almost 
always erroneous. 

0ne of the dangers of hig^h expectations for 
expert systems and other areas of A I is that 
if these expectations are urmi^ there could 
be a backlash and loss of interest in AI. The 
field has already suffered from two or more 
such cycles of high expectations and loss of 
interest and credibility. Indeed, AI has long 
been an area in which claims and hopes are 
more prevalent than concrete successes, 
though current workers in this area seem to 
be rather more cautious. 

Manufacturers are not alone in their high 
hopes for AI, as evidenced by Japan^s recent 
'Tifth Generation" computer project, and 
DOD's new Strategic Gomputing project . 
Both of these programs m-e long-term,^bi- 
tibus R&D in computer hardware and software 
in which AI plays a primary role (also see ch. 
8). Another major goal of both programs is the 
development of supercomputers." Though 
the definition of supercomputers changes as 

"Committee on Anny Rpbotics and Arti^^^^ 
Manufacturing Studies Board.Nadpnal Research Council. >tp- 
pUcations of Robotics and ArmaM Intelltgence toR^uceRisk 
a/id Invprove Eif^ctAveness: A Study Jor ^^^'"^^^^^^^{^ 
Army (Washington. D.C.: National Academy Press. 1983). p. 63. 
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t he technology develops, a current working 
(lennition is machines that can process more 
than 100 million instructions per second. AI 
and supercomputers tend to be discussed tb- 
gether and often confused with each other, 
l iowever. though both A I and supercomput- 
ers are at the frontiers of computer science, 
they are essentially separate research areas at 
this time, jt is likely, though, that future A I 
applications wijl require advanced computer 
architectures— not high-speed number crunch- 
ers as much ns machines designed to process 
symbols and logic. 

Although the irifusioh of DQD funds into A I 
may expand and advance the field, defense ap- 
plications may also cbritiriue to rribribi>dlize the 
small pool of U.S. AI researchers. Despite the 
fact that DOD is makirig concerted efforts to 
encourage commercial spinoffs frdrri the Stra- 
tegic Computing project, rnost of the atten- 
tion of the AI R&D conimunity will be focused 
on niiHtary appUcations rather than commer- 
cial manufacturing applications. 

Much of the current wave of cbmrhercializa- 
tion of AI is based bh AI research done as 
much as a decade or mbre agb. In many cases, 
commercial applicatidris have recently becbrae 
feasible because of the cbritinuing declines in 
costs of computing power. While one can ex- 
pect further improvemehts in available AI- 
l)ased tools oyer the next few years, these im- 
provements may be small in comparisdri to 
this jnitial harvest. The more fundamental 
prbblems of AI^ invojving natural language 
systems of general applicability, versatile and 
unstructured machin vis|on^and— ultimate- 
ly— generally intelligent, perhaps ^iearning" 
machines, are still very much a long-term re- 
search Issue. 

Standards and Interfaces 

The need for standards in both languages 
and interfacesjs strong and consistent through- 
out programmable automation technologies. 
Without standards, it is very difficult to com- 
bine equijpment of different vendors, and it is 
more difficult to proceed incrementally toward 
cbrnputer-integrated manufacturing. 

The demand for standardizatibri in lan- 
guages is particularly strong from users bf 
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automation devices, because of the increased 
confusion and need for additional training that 
result from the many different programing 
languages."*'* 

More likely than one standard language for 
manufacturing, however, may be a seLof 
standard languages for each applicatibri. For 
example, there might be a standard language 
for arc^welding robots, another for materials 
handling systems. These could be either fbr- 
m£dly^adopted or de facto standards (i.e., they 
become commonly accepted through usage br 
througfi the influence of major vendors or 
osers in the field). For example, many of 
IBMls products and techniques are treated as 
stahdards because the company has ddmi- 
nated the cqniputer field. However, domina- 
tion by a single firm in programmable auto- 
mation systems is not as likely; (see ch. 7). In 
addition, DiSD has created many de facto 
stahdards, APT among them, through its pro- 
curement practices. It remains^ to be seen to 
what extent DOD's latest attempt at a stand- 
ard cbrhputer Language, ADA, will be appO- 
cable tb rriahufacturihg systems. 

In addition to standards for programing lan- 
guages, standards for interfaces between com- 
puterized devices will greatly facilitate inte- 
grated PA systems. The recent development 
bf standards for **loeal area networks," initial- 
ly aimed tb cbhheet personal computers in of- 
fices, rnay also be useful in the factory.-*^ Such 
standards define the hardware connections for 
hooking devices tbgether^as well as the **pfo- 
tocols'* that ensure that different systems can 
interpret each others' rriessages. However, the 
content of those messages depends bnihe ar- 
chitecture of the factory— i.e., the different 
levels of control and the kind bf ihfbrrriatibn 
it is necessary to communicate. As discussed 
earlier, efficient architectures for integrated 
factories are only beginning to be worked but 
in manufacturing laboratories such as the 
Automated Manufacturing Research Facility 
at NBS. 



*°OTA aacornatidh technology workshop. May 29. 1983. 

*^'''L<^aJ Ai^a Netw^^ Factory Automation." 

TooUngaad PmducUon, May 1983. p. 94. These networks me 
based on 8 professional assodatidh-develdpecl standard known 
as iEEE802^^^ 
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NiahufactUrtMs and atfiers Often argue Lh Human Factors Research ... 

pivinatUfo standardiTiation will stifle innova- ^j^g p^g,^ years, makers of all com- 

tioh. IL can tend to ' freeze'" a technOlogS' at pULerized equipment have becdirie aware of a 

a part icular point in its development, and dis- ^^^^^ design systems for optimal usefulness 

courage turthor innovations which may be in- productivity for their human operators; 

consislotU with the standard. In addition; 'p^ere are various terms used to describe the 

tiu<n- is sometimes a strategic concern that -^.^ ^uch efforts: "user friendly" qualities 

sUnulard languages cause more competition ^^.^ * man-machine interface." for example, 

iiy permitt ing easier combination of PA d(^ !n part to help market their equipment, com- 

vices from different mahufacturers. One NBS p^^^^^^. manufacturers have found that there are 

official has argut>d that parts of the computer- ^^^^p^ ^j^^j, ^,3^ take to improve the human fac- 

i/ed controllers for machine tools, for exam- ^^^^ aspects. Human factors experts argue 

pic are 1 cvhnicallv npe for standardization but ^^^^^ research and testing of the effectiveness 

I lie innchint" tool manufacturers do not seem ^ product must be undertaken tltroughouit 

to su|)port sucli a move.^- its design cycle. "Human engineering, which 

!,rds is voluntai-v in the United States, which the structure is built. 

is not tlu« case in many other countries. As a Although many experts agree on the impor- 
result. development of a successful standard ^^^^^ human factors, it has often been^a 
takes years of negotiation jimOhg manufactur- neglected topic in resejirch. It is frequently 
ers and users; To complicate matters, receat regarded as too basic for industry to examine, 
coui . decisions" have held organizers of stand- ^^^^ appUed for University research efforts, 
ards efforts liable if a standard can be shown Although DOD has pursued man-machine in- 
to hurt a particular company. This has made teraction research for decades, only recently 
progress toward adoption of standards in human factors become a subject of sys- 
manv areas even more cautious and slow- tematic studv bUtside of DOD. Psychologists 
going have developed testing procedures to^ help 

.HSstaffersc— to.^^ 

m.nv'p;;v^ se^^ Said^ds^tt^s istSis ha. become i strong and growing 

wo^lcin^ on autSil^^^^ f f" -^ield of cogmtive psychology, 

forts are teing conducted by the Electrorac In- Designers of prOgrai. mable automation 

dustries Association, the Robotic Industries equipment have lagged behind the trend 

Association, the American National Stand- toward concern about human factors m com- 

af ds Institute, the American Society for Test- puterized systems, in part because of the 

ing and Materials, the Institute of Electrical newness and smaU size of the market for_raany 

and Electronic Engineers, and the Interna- automation devices. In addition. some_PA de- 

tional Standards Organization. vices such as robots or portions of FMbs are 

often designed with the intention of minirnal 
: ,, ,„„ ,0 iq«T contact with humans.^^ Several systems de- 

•'R Mocken NBS. pofsonal communicaUon. Aug. 12, 1^^^^^^^ conuaci^vviuii 

For example, .some NC cbhtrollcrs^nly underA|tand a number -^"T ^jgtv of terms are used by researchers^nd indnstry to 

to he 'two'; if it is written • O^*^"^ ^^^^^^ descnS^^H factors and relatedAubjects. Son^ others not 

ton as -..OOO- or ■•2.E00-._Thjs can cause d^ficultym ^"^^"o^ed in this section include software psychology, user 

to move programs from one machine to another, even if the human:computer interaction. 

muchi,.es oslensi^bly use saj^^ "^^^^.^ ^: , j^^^^, ~ ..r. Shnoiderman. ••Fighting for the U*r. " /^SfS RoWotm. 

H,2 S. C. 19;i,:^ ,l_982l, the Suprome^Conrt held tha^^ ' 'V.'^^'^M Parsons' aHd G: P. Kearsley. ••Humao.Factors and 

u stamUtrd setUngotRani^ation was liable or the antanis Robotics- Current Status and Future I>ro.spect.s.- Human 

tions ..f participonts in the standards-ma^inR^ocess when the.v f""^^^^^^ Research Organization. October 1981. 
;Kt»(i with the iipparent niithority of the At)Ml--. 
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signers Have rioted, iri fact, that the systems 
with the worst Huriian factors seem to be those 
which were designed to be unmanned, but later 
deteriiiihed to heed an operator or mojiitbr. 
Computer-aided design is somewhat different 
frorii other PA techhblbgies in this respect. 
Because of the larger size of the market and 
the recent attempts to develop lower cost sys- 
teins for noncdmputer Users, CAD designers 
have begun to pay attention to designing sys- 
teiils that operators cail use more easily arid 
productively. 

There are essehtialLy two levels of human 
factors research. The first, sometimes known 
as ••ergonomics," aims to make people more 
physically comfortable arid productive while 
wbrkirig i\t a riiachirie. Fbr exairiple^ it iricludes 
research bri the ideal levels of light, colbr bf 
display screeri, size arid cbrifigUratibri bf key- 
board, etc. A secbrid level Ibbks at rilbre furi- 
danlerital questibris iri **huri1ari-ri1achirie inter- 
face," such as how to distribute coritrbl be- 
tween operator and machine, how to design 
software for optimum productivity^, and how 
to •iiaxiniize operator satisfaction. Most such 
work has been directed toward general pur- 
pose computers or word processors rather 
than programmable automation. 

These research areas are related tb larger 
questibris iri iridUstrial psychblbgy arid riiari- 
agerilerit cbricerriirig less tarigible issues such 
as the impact of technology on the work erivi- 
ronment and/or on the design of jobs. There 
has been little systematic work in the United 
States in these areas, although there is sub- 
stantial research in some European coun- 
tries/* 

''Thore has been substantial work, however, in the design of 
systems for teleope rotors— remote manipulators con trolled by 
a huihari operator. Such work is often aimed for ultimate ap- 
P'^^''^^i^n'^|n unniRnn^ space missionsjy- underseas. handling 
pLraf^if>active material^ or battlefield applications: See, for ex- 
ample. T. N. Sofyanos and T. B: SheridTC ^^.n^ssessnierii of 
Undi^rson Teteoperators (Carribridge, Mass.: MIT Sea Grant Col- 
le^^e Program. June 1980). 

_ ^'See. for^xample5__H. H. R^^^ of Control 

Engineering, University of Manchester (U.K.). institute of 
Science and Techno te^^ "Robots and People," M^easiiixmeht 
and Control March 1982, pp. 105-1 12; P. Brbdrier and T. Mar- 
tin, "Introduction of New Tecjinologies into Industrial Produc- 
tion in F. R. Germany and its Social ESects— Methods; Results, 



Senisurs 

The vast majbrily of prbgramrnable aiitoma- 
tidri devices are limited in their capabilities 
because they are /'unaware" of their erivirbri- 
nient. To use anthrdpbmbrphic terms, they db 
not "know" what they are doing, exactly 
where their parts are. or whether sbmethihg 
is wrong in the mahUfactUfihg process.* This 
problem is especially acute when manufactur- 
ers hope to use PA devices to perform tasks 
normally performed by people. A minor ad- 
justment or observation which would be easy 
and obvious for a hjinian—e.g^, righting a part 
which arrived upside-down— is nearly impossi- 
ble with most current robots. 

Hence, computerized devices that can ac- 
quire information about the en virbrirrierit are 
a lively area of inquiry. While rnariy bf these 
devices are used in conjunction with robots, 
they can also be used with other CAM equip- 
ment— e;g., NC machine tools of AMH sys- 
^?"l?'~PJ_i'^dependently. There are roughly 
three categories of applications for sensor sys- 
tems: iHnspect^on, in wluch pa^^ or products 
are examined and evaluated according to pre- 
established criterja; 2j identification, in which 
piirts, products or other objects are classified 
fbr purposes of sorting or further processing; 
and 3) guidance jand control, in whiclt sensors 
provide feedback tb rbbbis br other GAM de- 
vices bn their pbsition and the state of the part 
or prbduct. 

One can simplify^ the range of sensor tech- 
nolo^es by dividing the devices into three 
classes according to their compjexity. While 
all of the devices are used for guidance and 



Lessons tearned, and Future Plans»" T^ioceedingsjof tte Etghlh 
TYjemuaJ World Congress of the Intematloha] Federation of 
A utornatlc Uontro], Kyoto, J apan, A ug. _24 -28^ j,^8lj_ pp. 
3A33-3445LSwe<iish_Wor^^ Environment Fund, Prqgra/nme of 
Activities and Budget, 1981/82—1983/84. For further detail see 
ch.5u _ 

*There are some exceptions where PA devices do have signifl- 
c a n 1 1 n f q r m a ti o n ab o u 1 1 he ir en v i r o n men t . O n e _o b vi o u s ex c ep- 
tion is the Coordinate Measuring Machine, built specificirily. to 
measure the dimensions of objects: Anoth^ is iri factories which 
code each part, fdr-example, with bpticaljXMdes similar to those 
used on groceries. Optical cade readere at ea macifune c^ jden- 
^ife ^ hp part^ i n process^ Fi n a] jy. many P A_ devices d o h a ve in- 
ternal sensors. For example robots and machine tools have.sen- 
sors which provide feedback on the positibris of their joints. 



10 i 



control applications, usually only the mbst 
conlpiox (i.e.. vision and touch serisorsKcah 
handle inspection and identification tasks. 

The sihiplt\st devices provide binary infor- 
inatibn— e.g., a weight sensor, photocell, or 
simple electrical switch am indicate whether 
a part i.s or is riot present. These simple sen- 
sors are relatively cheap. technologically ma- 
ture arid easy to implement^ They are already 
used widely in manufacturing equipment, arid 
their use will undoubtedly continue to grow 
for applications in which binary infbrmatidri 
is Useful. 

At a moderate level of complexity, the infor- 
mation sensed is analog (continuously vary- 
ing). For exariiple, a proximity sensor can de- 
termine the distarice of an object. A popular 
proximity sensor used as a safety device on 
industrial robots is the same as the one used 
on Polaroid SX-70 cameras. It calculates dis- 
tarice by emitting inaudible sound waves arid 
calculating how long they take to bounce off 
the closest object and return. For safety pur- 
poses, these can be used to stop the motion 
of the robot if a human enters its •'work erive- 
lope." Other sensors in this moderate level of 
complexity include devices which can electro- 
mechanically sense force and tbrque--e.g., in 
a robot arm or a macWrie tool spindle. These 
can be used, for example, to allow a robot grip- 
per to apply just enough force to a delicate ob- 
ject: Finally, many devices for measurement 
fall into the moderate-complexity category. 
Optical sensors, for exarnple, can be used to 
monitor the diameter of a driveshaft on a 
lathe, or for nbricdritact sensing of the dimen- 
sions of hbt metal as it emerges from forging 
processes. 

Most of these moderately cbmplex sensing 
techniques are fairly well-developed, and can 
be applied relatively easily albeit with sonie 
customization. There is a moderate amount of 
R&D under way tb iricrease the quality of in- 
formation frbm these devices (e.g.^ their sen- 
sitivity and speed), arid to increase their range 
of applicability (e.g., development of sensors 
for measuririg arbitrary prismatic shapes on 
machirie tbblsj. In addition, the coordination 



of these sensors with each bthcr arid with 
CAM tools is a very difficult prbblerii. Com- 
puter scientists are attemptirig to develop 
processing techniques that cari quickly inter- 
pret force and torque data frbrii the various 
joints of a robot, fbr exariiple, ?iid provide 
feedback to the rbbbt's cbritrbller. 

At the most sophisticated end of the seris- 
irig techniques, visual and touch sensors deal 
with information that is not only arialbg but 
also needs substantial processirig to be useful. 
Vision and touch sensing techriolbgies are only 
in their infancy, and have just beguri to have 
practical uses in the factory. Of the two, vi- 
sion by far receives the mbst attention. 

The chief technical problem in machirie 
visibri systems is in interpreting the pictures 
gerierated by a video camera. In a typical 
visibri system^ a frame— i:e., one complete irri- 
age frozen in time— is typically cbmpbsed of 
256 by 256 picture elements, or pixels. If each 
pixel is either black or white, then there are 
more than 65,600 bits of information that the 
computer program must process. Iri general, 
the steps in the process include:*^ 

• SegT/ie/3tatio/3.— The areas of the iriiage 
riiUst be clarified and divided into seg- 
ments or **blobs," representing the fea- 
tures of the object and its background. 
There are two general schernes fbr begiri- 
ning the interpretation of thedata. One 
makes use of discontinuities— primarily 
detecting the edges of the bbject in the 
image: The other approach relies on simi- 
larities in the image, i.e., areas of the im- 
age that are of siriiilar iriterisity. - 

• RecQgmtion.^The system must compare 
the features (segriierits) it has identjfied 
with those stbred iri its memqr^^ attempt 
to find an bbject in its memory that is 
suitably close tb the one in the image, and 
hence label the object and its features. 

• /jnterprefcafcib/i.— This step varies depend- 
ing on the machine vision application. For 

^M. M. Wright._**Vision of the FSiture.\\ unpublished ^^^^^ 
script, Carhegie-MeUbn University Robotics Institute. January 
1983. 
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robot guidance, the mterpretatidh step 
might be to ideiitify the object, then cal- 
culate its coordinates so that the robot 
can grasp it. For an insjjection applica- 
tibh, the interpretation of the image 
might be to determine whether the object 
has the right dimensions or is free of 
defects. 

In the vast majority of current visioh sys- 
tems, each jpicture element iri the 256-by-256 
element image is either black or white. In more 
adyanced systems just beginning to be used 
in industry^each pixel can be one of several 
shades of gray. These systems, often called 
**^ay-scale,** are potentiaUy more powerful in 
their ability to identify objects and cope with 
uneven lighting, but tfiey also require much 
more computer power and algorithms for j)roc- 
essirig data wWch are only be^nning to be 
worked but. Systems for processing color im- 
ages are another order of magfeitude more 



complex, and there is no active work on such 
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The systerhs described above essentially 
provide 2-D information, although certain 
tricks can be usedio infer the 3-D character- 
istics of ah object. Sbrne researchers have used 
more than one camera in order to obtain 3-D 
informatibh much as the human eye does, 
though such schemes are in very early stages. 
One very prbmisihg method tb bbtaih 3-D in- 
formatidh is the use bf **light striping" sys- 
tems. In such a system, a laser or bther light 
source flashes a very precise bahdbf light bh to 

object, and the camera records the irhage 
at that instant. By examimng how such struc- 
tured light bends over a 3-D object^ the sys- 
tem can infer the dimensiohs and distance bf 
the object. 

Current machine vision is in a very early 
stage. The range of olq'ects that can be ideh- 




Photo ttndil: Niilohsi Bunmt of Standartis 

_ "Light Striping" system can determine the shape of a 3-D part by flashing a very precise line of jight (Lrom slots on right 
below gripper) and photographing how that light Is bent by the object. TV monitor shows view of camera above grlpper 



ERIC 



92 • Computerized mnufacturrng AuromVon: imp1oymBr)t. Edacatlon, and the Workpiace_ 



t ified, the speed of the interpretation, and the 
susceptibiKty of the systems to lighting prob- 
lems and minor variations in texture of objects 
are all examples of serious problems with cur- 
rent technology. Successful applications ^f 
current machine vision technology tend to be 
very specific, ad hoc solutions, often ^sing 
clever ** tricks" or manipulations of the mmiu- 
facturing envirbhment. As one report notes, 
**The vision systems of today , ^d^ those for 
the rest of the decade will not promise great 
generality. These sorts of tricks be ah im- 
portant part of the field for many years to 
come."'* Nevertheless, many useful applica- 
tions are possible with existmg technology and 
machine vision is currently a rapidly grbwuig 
field. In certain specific applications, especial- 
ly very tedious tasks such as inspection of elec- 
tronic circuit boards, machine vision systems 
can outperform humans. 

Ah example of a successful machine vision 
appKcatibn is shown in figure 13. Here, a sys- 
tem developed by Octek Corp^ counts stacks 
of cups prior to packaging. The system first 
"grabs" ah image from its camera tinder ebh- 
trblled lighting conditions, defines the edges 
of the cups, attempts to eliminate shadows 
and other confusing d^ta, and counts the 
number of cup lips^ Similar programs have 
been developed to inspect cassette tapes and 
circuit boards.^^ 

While there is corisideral5ly less research ef 
fort under way oh touch sensors, th^e are sevr. 
eral groups of researchers, for example, work- 
ing on a touch sensor based oh a carboh- 
impreghated rubber pad wKch changes its 
electrical conductivity under pressure. This 
pad could be attached to a robot's gripper, and 
it would send to the computer prcx^essbr an im- 
age or "footprint" of the object being gr^ped. 
Once this image has been bbtmned, inter- 
preting it involves virtually the identical proc- 
ess used for vision prQcessihg.^^^^=- 



Figure 13.*-Machlne Visron Process 




'"D L Hudson and AD. Trbmbly/'DeveldpiiSg^Indas^^ 
Applications for Machine Vision,': Computers in Af^ 
Engineering, vol. 1, April 1983, pp. l8-23._Np_te that this ap- 
plication of machirievisibn^like many inspection apphcations, 
is not used in connection with a rol)dt. 



Two steps In a machlhe vlsrori,proces8Jevel<M>ed to coantsL^^ 
of paper cups for a cup manufacturer; The capsLafa^Jit_b5t^n_lflhly 
directional fiber optics light source, whicli fTtakes_thfllr eii5ft9-9tan<l 
out. The top photo shows part of the system^'ssfigrnenlallon process. 
In which It assesses 4he ihteiisiiy of light for each_cup Jlp.The bpUpm 
photo Indicates the interpretation tanctlon. iO MtWch the system has 
counted the number of cups in the alack. IJoie the .shadows and 
relatlvia uhevehness of light whlch^ complicate even this simple 
itiechihe visibh appljcatioh: 

SOURCE: Octok C^. 

There seem to be two schools of thought oh 
sensors for industrial robots. Dne sorgues that, 
if enough care is taken^in organizing the man- 
ufacturing environinent, complex^ehsbrs are 
unnecessary. Parts cm be careful fixtured 
so they are in the proper orimitatibh and posi- 
tion, and sensors in the„siniple or moderate 
levels of complexity will suffice. The other 
point of view is that robots should be able to 
adapt to the chaos of mahufacttiring, and 
should ideally have sehL^es—yisidn. in partic- 
ular—which rival those of a humipi. 

Materials Trends J 

Plastics, ceramics, and composites are re^ 
placing metals in a wide variety of products 
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at aii increasing rate; This trend is both coni- 
plomi^ritary to arid pi'oblerhatic for increased 
use of coi^tairi PA devices. 

'rhcso new materials technologies, on the 
vvhoie^ fit well into an environment of comput- 
er-integrated manufacturing. Injection mold- 
ing of plastics, for instance^ is by nature an 
automated process and^dapts easily to inte- 
gration with other computer-controlled de- 
vices. It is thus possible to create a ''flexible 
manufacturirig system" for plastics at least 
as easily as for metals * Siriiilar systeriis are 
also pdssible tbr producing parts ffom new- 
technology "fine grairi cerariiies/' which have 
strength comparable to that of metal (at a frac- 
tion of the weight), are imrriurie to cdrrbsidri, 
and do riot have the brittle qualities that brie 
expects frorii ordinary cerariiics. 

. . *^ hiM:K jn cnsiting an FMS fpr_pjaAtics is in developing]; 
ili<'s (the metal forms into which molten plastic is injected) which 
i\n * programmable" or jeasily changed. Several researchers are 
rurh'ntly workinj^ tm this problem. 



Future ©f the 

Capabilities 

Building dri the **Trends_arid Barriers" sec- 
tion of this chapter, tables 11 through 15 sum- 
riitirize the main probleriis for PA techriologies 
arid the projected tiriies for solutibri. Though . 
these prdjectibris must be considered extreriie- 
ly tentative, they provide a sense of the rela- 
tive scale and complexity of the prbblerns. 

Because the aniouat of time between labora- 
tory solution of a problem, first prototype ap- 
plications, and the widespread and easy avail- 
ability of that solution is si^fi^:>nt, the_tables 
iriclude a sepiarate estimation oi each. Prdjec- 
tibris for applicatibris arid availability are even 
rbugher than the prdjectibri for a technical so- 
lutibri, sirice they deperid on riiariy social, eco- 
ribmic, and riiarket cbriditibris. 
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These trends and_ oi^^ that the 

amount of metal-removing activity is going to 
decrease. Thus, there is some chemce that use 
of plastics aaid ceramics will eventually render 
obsolete some new metalcutting equipment. 
This possibility has not yet been^ examined 
systematically by the metd working communi- 
ty. Robots, because of their flexibility, are less 
likely to be affected than machine tools. How- 
ever, there are certain factors that tend to 
riiake widespread obsolescence of new meted- 
wbrking equipment unlikely. First metalwork- 
irig rriachiries have useful lives of 30 years or 
riibre,^ arid the users of this equipment move 
nbtbribusly slowly in replacing machine tools. 
As riew riiaterials tectirioldgies do reduce the 
amourit bf rrietalworking, it ia the vast stock 
bf older, riiariual machine tools that is Hkely 
to be useless rather than the newer equipriient. 
Secbrid, it is expected to take at least two ev- 
ades for ceraitiics to displace a significarit 
arribUrit bf metalwbrkirig. 



Technologies 

These prbjectibris were cbmpiled by analysis 
bf existing sets bf prbjectibris^Varid by inter- 
views with techriblbgy experts. Projections bf 
technblogical develbpmerits are inherently cbn- 
troversial, and experts do not always agree. 
Some experts will view these estimates as 
either too optimistic or too pessimistic. Dur- 
ing the intendews with technqlogj" sjjecialists^ 
for example, several pomted out that some of 
the **key problems** listed in the table may 

_*LSee._ for exarnj3ie._M anufacturing 
Research Council. Applications of Robotics and Artificial In- 
teWgcnc^tO-Reduce Jtisli aiid Improv^ Effectiv&iess: A Study 
for the United States -4r/ry iWashihgton. D.C: National 
Academy Press. 1983):^ R^^ R. M, MueUer. • Stra- 

tegic Anajysis/Technoiogy Trend Report." Control Data Cqrp.j 
May 1.5, 1981; D. Grossman and J. T. Schwartz, "The Next 
GiJrieraCidn of Rdbdls,'* in Ftonliersin Science and Technology 
(VVashihgtbh. D.C.: National Academy of Sciences. 1983). pp. 
185-209. 
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Tabie 11— CAD: Projections for Sblutlbn of Key Problems 



Current (1984) 



Hardwm: . '. 

1. High resolution, color display of. designs, 
with rapid gene ration of i rhages''* ::::::: 

Both hardware and software: 

2. Low-cost, powerful micrbcbmputisr-based 
w o r k s_t at i o n s_ f p r: ^ 

a) electronics, desigri. 

b) rhechanlcat design 

3. Independent CAD worKstatiohs linked 
by i3etwor1<L wjt.^. access to supen 
computer for powerful analysis and 
simulation ; : . ; 



Sdllware: 

4 Three dirriehsional 30lid modeling 
systems, resulting in/- 

a) rn_o re_ r_e a 1 1 s t jc i m ag e s ............ - 

b) enhanced abilityjoconrject with 
manufacturing equipment . .....^.^ ■ 

5 Cornprehehsive. powerful compoter-aided 
engineering systems^ for mischanical 
design . . ■ z_i z.-. - : \ 

6; Extensive design/manufacturing 
ih^egratibh® : : 



1985-86 



1987-9a 



-4591-2000 



2001 and beyond 



awhiiP color displays aw cL^oKtiy ^aUabUvlMy^.tend to sacrifice eJJher resQ^ 
af!J,Sf °dJ4^^^ tec.hn.ques for displays, such as the use of dedicated microprocessor chips (somelimes termed ••silicon engines ) to generate images. 

bMlcrocomptOorS ior CAO ate =.o«.J5eiag markete<l.but in the Judgment of tochnicai experts consulted by OTA. they are either not powerful enough 

b™ t^r c^ad'y S des!fla data to mar^ufactu^r^a'auipment 1. J/.^d^<1.me.^ '' ''^^M^^'l^^^^dl^l^^^s' 

i^J nhv^ir^l rhSrartBhsf.cs of a Dan in such a way that it can be transmitted to manufacturing equipment with only. minimal InfermfldlatO-Steps. 

drn" ^ o^fu'^St alS. e^tel^sive interactive testing, simuiatior. and-refinement of designs iAav.de^^oraPPl^^|<^ 

are srong.y pmd^^^ they may be near available for certain prodiicts n5w (e g.; Integrated circuits, certa.n portions of aircraft and rriotor vehicles). 

e'r^ae^o^tJif ^S^w lil^^^d^^'^ to pS^cllKhi:^ would, for Instlnca. allow designers to examine theproductio. ixnpl^Uon._at.desi5.-C^<:.^ 
mcludere cos,s a)^^^^ production processes, as weli as the hisid^ of manufacturing similar items at the plant. Such comprehensive connections 

would allow much more substantia] integiation of CAD, CAM. and compuf er-base*r« managoment. 
i solution tn iabbratories 

A - fifsl -coiitme'Cial.inQplicatipns.. _ _ . 

■ solution widely and easily available {rjquiring minimal custom engineering forjeach application). 

SOURCE OTA analysis and corhpilation of data from technology experts. 



never be solved at all— the development of 
standard languages for robots (table 12 item 
10) for example^ depends as much oh market 
factors and poUtical considerations among ro- 
bot vendors and users as it does on technical 
issues. Similarly, development of artificial 
intelligence-based syatems which could control 
much of a factory without; human intervention - 
(table 15, iten: SJ depends on fundamental ad- 
vaaces th the field of artificial intelligence that 
are by no means assured. 

On the other hand, it is possible that some \ 
of the advances in tlie accompanying tablets 
may occur sigriificantly faster than the tables 
indicate. This nrught be particularly likely if 



the Federal Government and/or industry were 
to choose to make dramatic increases in R&D 
funding for PA technologies. Chapter 8 dis- 
cusses R&B funding in rridre detail. 

However, industry observers report with 
virtual unanimity that the appUcatioh of pro- 
grammable automation in most industries is 
lagging sigtufic^tly behind the techribldgies' 
development, a]qtd that there appear to be 
abundaiit, relatively easy opportunities for use 
of current automation tecHriologies. Hence the 
'main stumbKng blocks in the near futura for 
implementation qf PA technologies are not 
technicsa^ but rather are barri ers of cost, or- 
ganization of the factory, availability of ap- 
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Table 12.— Robotics: Projections for Sbliitlbn of Key Problems 



Current (1984) 



Hardware: 

1. tig hi weight, com pdsi|e structures arid 

hew fdrrris of drive mechanisms 

Both hardware and software: 
2- ^orce sensors .. .^^ 

3. Versalije ioych aensors 

4. Coordinated maJtiple arms 

5: Flexible, versatile grippers 

Software: 

6, Precise path planning, simulation and 
con t ro I wj t h C A P_ , ^ , , , ^ ^. _. 

7. 3-D vision in struct u red environments 
which have been planned to simplify the 

- visioh task 

8. 3-D vision in unstructured complex 
e n vj rojim e n is h i_c h _ h a ve _n Q I been 
planned to simplify the vision task ...... 

9. Robust mobility iri unstructured 
erivironnrients . . . . . ._. . . . . . . . 

1 d. S tand ards_ cLarifylng _dj f_f ere n t vers ions 
of robot languages, and helping ensure 
a conimoh language for siriiilar 
— applications ^ 



1985-86 



1987-9d 



1991-2000 



^ T 9qI u tj on la . I abora I oti 

^'rsA corn mere l.aL^PPi'Aat^ 

easily available (requiring minimal custom engineering for each application). 
SOURCE: OTA analysis and compilation of data from technology experts. 



2001 and beyond 



Table 13:— NC Machine Tools: Projections for Solution of Key Problems 



Current (1984) 



1985-86 



1987-9G 



1991-2000 I- 2001- and -beyond 



Hardware^ 

1. SysJtems which can automatically and 
reliably remove a wide variety of metal 
chips produced in cUttirig® 

BotJi hardware and software: 

2. Reliable, widely applicable adaptive, 
control to optimize speed of metal 
ramovaJ 

3. Tool wear sensors applicable to vvide 
range of cutting tools 

4. Systems for me as u re m e n I of parts of a 
yariely^ of shades, and sizes while the 
parts are being machined 

Software: 

5; Dontrollers to accommodate ties to robots 

6. Model-leased rriachjmrig iri which the 
rnach i ne tool o perales su bstaVi tially 
aujom atjc ally, b asedLon i ata__ab_ou t_ 
metal processes and the part to be. 

_ produced ^ 

7. Wideiy appljcable^-D verj^ficatibn of NC 
programs using CAD-based simulations . . 



^y^'^n^^. ^.H^''_®"'^'y ®'<'3V'for autonnatic much Interest and research, they are neither very reliable nor generically applicable (l.< 

they can only be used for CGrtain kinds of metais or cultir-g procor.sosj. 

A- s61utian_in Jafioratories^ 

Urs^comrnercial apcllMlipns. 

■ solution wideiy and easily available (requiring minimal custom engineering for each .uppiicatlon). 
SOURCE: OTA analysis and cbmpHatlon of data froni technology experts: 
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Table 14,— FWS: Projections for Solution of Key Problems 



Current (l984j 



Hardware: 

"j- Genenc fixtures for h a variety of 

work»in*(Drocess parts - 

Both hardware and software: 

2, FMS fpr:«_ 

a) c y 1 1 n d r i c aJ p a li s p rp_du_c t i_o n 

b) shJ9et metal parts production 

cj 3;D rrilBChahical assembly 
dj ejectronics assembly ...... 

Materials handlin_§ syMemls which can 
handle a variety of parts in any sequence 

rieciBssary 

Software: 

4. Automatic diagnosis of breakdowns 

in the_FMS.,, ,,. . . ^■ • ! • - ■ 

5. Standardization o_f_ software 
interfaces between computerized 
devices in ari-FWS_ . 



3; 



1985'86 



1987-90- 



-4991 -2000 



2001 and beyond 



^Almost ail FMS Gurmhtly running are 
Th e p reject ions, in Jh is _Qn t rs_ re f er to FMS for quite d\ih 



used to machine prismalic pans. (e.g.. engine blocks) which are those whose outer shape cohSlsis^prlraarAly at-f lat SMrf^ces 
FMS or qSlte driferent applications: a) machining oi cyliruJrIca-I parts. siJ^tLa3_rQlorpnd.d.rly^sha t^^^ 



A-- solutlorLm JaboratorifiS. 

• - first commercial .ippiications. __ _ ; , , Z « 

■"^ spluiion widely and ©asiiy avaiiabio (requiring minimal custom engineering for each application). 
SOURCE: OTA analysis and compilation of data from tochnbibgy experts. 



Table 15.— CIM: Projections for Sojutibn of Key Problems 



Current (1984) 



Software: 

1 . WeUt^understopd, widely ^^^^ 

techniques for scneduji.niand logistics 
of complex materials handling systems 
that would allow full factory integration . 

2. Standard communication systems 
(networksi_^,^^ • • • _• • • 

3. Standardization ol in terf aces .between 
wide range of computerized devices 
in ah ihtegratjBd factory... 

4. Pata.base manage nient systiBms whl^^^^ 
could sort niaintain and update all data 

_ In a factory . . > ... . . • • ■ • - • • 

5. Computerized factories which could 
run on a day-to-day basis with onJy a 
few.humans in rhanagemeht, design 
functions 



1985-86 



1987-90 



1991^2000 



20014 



solution in laboratories. 

tirst-cbi^merciaLappJLications _ , ... 3--,i>.^«-^„i 

solution widely and easily available {requiring minimal custom engineering for each appiicaiionj. 

SOURCE: OTA analysis ana compiialidn of data from technology experts. 
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propri ate skills, and social effects pf these 
technologies: These issues are more fully ad- 
dressed in later chapters of this report. 

_ __ __. 

Many in iridustry would ar^e that CIM is 
inevitably the future of manufacturihg. Its ad- 
vantages iri cost, quality, flexibility, and con- 
trol will, they assert, mandate its addptidh. 
Many parts of computer-integrated manufac- 
turing can be put together oh an ad hoc basis 
^^w, and as the tables show, prototype solu- 
tions for many of the key problems already ex- 
ist: However, several key aspects of the puz- 
zle are as yet unsolved (the^eyelopment of in- 
terface standju'ds for computerized tools, in 
particular), and for GiM to be practical each 
of its elements must be mature, versatile, and 
relatively easily avmlable commercially. 

As noted earlier in this chapter, CIM ddes 
not necessarily imply manufacturing withdUt 
humans. In fact, one of the biggest challenges 
on the road to CIM is learning to use humans 
in effective ways, to develop machines with 
which humans can work effeptively, and to 
idehtify^the pouits in the production process 
where maintaining human involvement may 
enhance flexibility, responsiveness, diaqgnostic 
power, and creativity. The extent to which 
that effective use of people in'riianufacturihg 
will develop, and the extent to which CIM will 
remove humans from mahufacturihg environ- 
ments, are still open questions. 

Automation technology researcjiers ''^P?'!^ 
progress on virtually aH of the technicai prob- 
lems, although the degree of proj^ess often 
depends on research funding, commercial de- 
mand for related products, and inclinations of 
resejarchers. The technical barriers to increased 
sdphisticatidh in prbgrammable automatibh 
are largely due to the complexity of the mah- 
ufacturihg ehvirohmeht, ahd to the fact that 
many mahufacturihg prdcesses~e.g., machih- 
ing, schedulihg, design— have hdt beeh clear- 
ly understood in a way that can easily be 
computerized. 

These prbjectidhs of future technical capa- 
bilities,^dhg with various other projectiohs, 
imply that the remainder of the 1980's will be 
a time wheh applicatidhs will to sdrhe exteht 



catch up with developed PA tools. §ome tech- 
nical iniproyements will doubtless be made 
durjng this time: But most j)rognos ticators 
seem to see the 199d's as a period when the 
application of basic PA tools wiH become wide- 
spread, and a number of major tecfimcal im- 
provements win be available, particularly for 
robots and FMSs (see tables 12 and 14). WKle 
this may, in some cases, suggest that the 
1990's aeem far ehoagh away to solve ahnost 
any technical problem, it alsb seems to in- 
dicate that the next decade will bring quite 
substantial increases in±he power and poten- 
tial uses of programmable automatibh. 

Future Levels of Use of 
Programmable Autdhlatidn 

The rate of gf dwth ih Use df prdgreulimable 
automatidh in the United States, kndwn as the 
**diffusidn" df the techndldgies, depends dh 
factors both in the larger economy and at the 
level of incUyidual firms and products. Some 
of the more general factors include ay ailabil- 

competition, ^Liid the amount of attention 
American firms^iievotf to improvements^ in 
manufacturing processes. The Irat factor^ay 
be the most critical. Manufacturing en^neef- 
ing in the United States has beeh largely neg- 
lected both ih ehgineerih^ schools and in 
ihdustry." : 

Prompted in partiby mternationd competi- 
tion, however, the mood among American^ in- 
dustriaKsts (to the extent there is a ''mood" 
ih such a diverse ^oup) seems to be chang- 
ing. Inereasihgly, established mahagemeht 
practices are bieing questioned in conferenc^ 
ahd ihdiistry jourhals, and mahy industrial 
managers are closely examining imprbve- 
ments ih rhahufactiirihg processes, parti 
ly robots.* The exteht to whiqh this chahge 

"See, for exainplerE; N. Berg^ ''Manufacturing's Aciaclemic 
Renaissiarice,"^7!fie New York Times, Oct. 30, 1983. 

*P^spi te the generally rising interest in robotics, a sigriif i- 
cant group of people remain powerfully skeptical about the use 
of robots, as one of the primary steps to enhance productivity. 
In a 1983 survey by. the Institute of Industrial Engineers, for 
example, memb^ of the sbdety— whaare ddsely involved with 
ihahufacturihg processes dh a day'^tcniay basis^rated robotics 
relatively low in effectiveness of a group of productivity- 
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in mood will effect lasting and significant 
change, in manufacturing, however^ is uncer- 
tain. Many rnahagement specialists BeHeve 
that such lasting change must include discard- 
ing powerfully entrenched habits in industry, 
particularly finahciaUy'driented managemen^^ 
strategies that discourage risk-taking and 
downplay quality relative to cost." 

In additioji to these rnore general questions, 
a large number of factors come into play when 
an individual firm chooses to Use or not to use 
programmable automation. Some of the tech- 
nical factors include: the applicability of the 
technology to the problem at hand, w^ich 
tends to vary according %o the particular man- 
ufacturing processes Used in each factory; the 
rkpge of tasks to which a given tool can be ap- 

enhancing methods. Only 29 percent had undertaken increas* 
ed use of robotics in the past 5 ye^sjj2^2 percent rated the step 
high in effectiveness. 48 percent moderatCr and 26_percent low. 
Measures which received higher effectiveness ratings includ- 
ed capital investment for new or automated machinery general- 
ly, worker training, improvement of inventory ^c^^^ 
"systems iniiovationsr The interpretaUon of thes^^ 
results could differ: soriiSBsWOcdjMn^e that increas^Jamilianty 
pf_industrial engineers witftt&botics wdl lead to higher percep: 
tions of effectiveness. In addition, robotics was not viewed as 
unproductive by very man^y respondents; it simply appeared 
hot to be the productivity tool of first choi^;^. (Stee \\Pr(xluctivity 
Today: Ah Ihside Report," The Institute of Industrial 
Engineers, Nbrcross, Ga.) 

'See! for example. _R_._H. ilayes and W. J. Aberhathy, " Man* 
agin^ our way to econonic decline." Uarx^ard Business Review. 
.luly-AuKusti 1980. pp: 67-77. 



plied; the cost of customization, particul^^ 
for new techridlbgies where few standards ex- 
ist and almost every application is a proto- 
type; the ease of use of the tool; the reliabili- 
ty of the equiprnent; the compatibijity of pro- 
gramrriable automation with machines already 
in place; arid finally, the capacity of different 
PA systerris for upgrading and expansion. 

Organizational factors can also have a sig- 
nificant effect on firms' autorriatiori decisions. 
For example, one researcher found that 
previous experience with autdmation was a 
key factor in successful applications,^^ and in- 
dustry observers report that many unsuccess: 
ful attempts to use prdgram^^ 
have been due to premature jumps into com- 
plex systems. There can also be substantia 
resistance td change 4Sln the part of workers or 
mariagemerit. Many manufacturers report, 
however, that production workers tend to 
accept technological changes such as automa- 
tidri, while strong resistance tends to come 
frdm middle managers who fear prbgrariv 
rriable automation will diminish their degree 
df control or eliminate their jobs." Chapter^ 
discusses organizational issues of PA irriple- 
rrieritation in more detail. 



''*J. Fleck. "The Adoption of Robots," I^rvctHxiin^ of the [3th 
International Sy on JndustrW liobots and Hobots l. 
Apr.. 17-21, 1983. 

"OTA Automation Technology Workshop, May 29. 1983. 
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CHapter 4 

Effects of Programmable 
Automation oii Employment 



Summary 



Employment change due to programmable 
automation (PA) will not be precipitous. Pro- 
grammable automation will depress the num- 
ber of jobs available in manufacturing^ but it 
not necessarily cause significant national 
unemploymenj: during^ this decade or even the 
next. By eliminating spedfic t^ksrand by con- 
tributing to majj)^^ manufacturing 
processes and organizations, PA will ''dis- 
place** jobs [where jobs are defined assets of 
tasks performed by individuals working a 
standard number of hours). Whether uhem- 
ployment occurs depends hot only oh these 
displacement effects, but also oh the level of 
production volume (which depends bh foreign 
trade and ebhsurher demand), and bh the num- 
bers and types bf pebple seeking work. 

Slower growth in the^ labor force, increases 
^ PAPl^^ S^pds production, and'Hmited or im- 
perfect use of PA teclmblb^ are among the 
factors ffiely to buoy mraufacttuihg employ- 
ment during this cehtuiy. However, regibhcd 
and local emplbymeht may suffer due to the 
combined effects bf labbr-savihg techhblb^, 
impbrt cbrhpetitibh, and bther factors, espe- 
cidily where area ecbhbmies depend bh so^ 
called declihihg br rhature industries. Yet PA 
may help firfiis in those industries employ 
more people than they might otherwise— at 
least to the extent that it makes them more 
competitive. Cumulative experience and im- 
provements in technical capabilities and costs 
should increase the use of PA (and its ernploy- 
ment effects) during the 1990 *s relative to the 
1980's. 

Programmable autpmatidh wll reinforce the 
bhgbihg trend toward increased **white collar** 
or salaried emplbyment and increased service 
industry employment, although skill require- 



ments for jobs at aU but the Wghest levels in 
manufacturing may fall. Producers of PA are 
particularly likely to employ predominantly 
salaried personnel^espwialty if they continue 
to import sigmficrat amounts^^ PA hardware 

fi^i^^Y?^?*'?^^^^^^^^^®^^' there win be few 
opportunities for pebple to move directly fi-bm 
production jobs where PA is used to jobs prb- 
ducihg PA. Also, the limited ambuht bf actual 
production wbrk expected ambhg PA indus- 
tries is one reason OTA expckrts that jbb crea- 
tibh ambhg producers bf PA equiprheht arid 
systems will be less than jbb Ibss ariibhg Users. 

I^ogramnwble au 
tions h^twera cat^ories and pre- 

sent VMtopportunitiesfor restructuring jobs. 
Among occupational groups, techrnciahs will 
become more prominent with the spread of 
PA, in part because they wHl peffbrih tasks 
otherwise perfbrined by engineers br skilled 
tradesmen. Engineers will nevertheless cbh- 
stitute a grbwihg share bf mariufactxiririg em- 
plbymeht, as rhay riiechanics, repairers, arid 
installers. Operatives, laborers, arid prdduc- 
tibh-ilerical persdririel are the most vulnerabre 
to displacement. 

PA will pf b\ade iviw bppbrtuhities for struc- 
turing jobs because bfita tendency to displace 
and to create individual tasks. It therefore 
raises questibhs abbut the tradeoff between 
large hurhbers bf narrowly defiried jobs— cus- 
tbmary in rhariufacturirig to date— arid smaller 
numbers bf rnbre broadly defiried jobs. How 
arid whether the potential for positive change 
in job design arid the organization of work is^ 
realized depends on decisions by individual 
managers. Many factors—e.g., tjfie operatjng 
speed of automat^ equipment, the breadth of 
functions it can perform, and the reduction in 
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average skiH requirements some users may ex- 
perience—may cause a problem pf dvercorifi- 
dence in programmable automation. There is 
a risk tfiat users may ; od readily assume that 



the computer knows best, pverlddking the val- 
ue of experience-based under standing of man- 
ufacturing processes. ' 



Introduction 



The elimination of jobs will be a principal 
long-term effect of programmable autdmatiori: 
PA technologies are designed to reduce labor 
hours in prbductibh. They are sold as labor 
substitutes, whether or not the total number 
of employees will actually fall with their use. 
Even the advertising language emphasizes the 
capacity of machines to emulate or improve 
on human perfbrrnance (e.g., the graphics 
lathe cohtrbl that thinks like a machinist"[. In 
additibh tb its impacts ori the number of jobs, 
programmable automation wiU also bring 
abbut major changes in job content and job 
mix in the manufacturing workplace. All of 
these effects will occur not because of techno- 
logical change alone, but because of concomi- 
tant changes in how companies m-e drganized 
and managed and in what and how rhuch they 
produce. 

This repbrt does hot examine employment 
change exhaustively.* Doing so would require 
a thbrbughgbihg examination of changes in 
the structure of the economy and infflvidu^ 
industries. The report does, however, show 
how brie set of technqlogiesjwhicfiicajrbe used 
across an unusually broad range of industries) 
may alter demand for labor. It shows that pro- 
grammabie automation creates encinnbus poten- 
tial for change in the osex)E labor. Not only will 
it reduce the amount of Jabbr used tb produce 
a given amount of prdduct, it will also moti- 
vate shifts in the mix of persbhhel aiid in the 
services sought from erhplpyees. PA will di- 
rectly or indirectly affect all types of person- 
nel, professional and technical as well as pro- 
duetidtL and clerical. 

*For otlditionul treatment of employment change, see upcom- 
ing OTA nsst'ssmonls on technology and structural unemploy- 
ment; tochnology. innovation, and regional economic develop- 
riieht; and ecdhomic transition. 



Despite tWs broad potential for change, rib 
one set of impacts is inexorable. PA arid other 
factors (e.g., chants in cbhsuriier derriarid and 
in the business relatibhships between firms) 
wail present employers with chpices about the 
number ^dtsrpes bf persoririel they use. The 
outcomes of those choices will determine fu- 
ture staffing patterris arid employment levels 
in firms arid industries. 

Prior to exmnining the employ rnerit effects 
of prograiTunable autdihatidh, it is usefiil^tb 
review some basic labor market characteristics 
and analytical cohcejpts. In the aggregate, 
changes in industry or riatibhal eriiployment „ 
levels depend principally bri ecbriorilic condi- 
tions, including bbth short-term cyclical con- 
ditions and more profourid structural changes 
in the ecdhbmy. These conditions reflect 
changing buying patterris of consumers^ as 
weU as the iriyestriierit decisions of companies 
arid Federal budget policy (which affects the 
financial resources of individuals and busi- 
nesses). The riuriibers and ^res of jobs dep^^ 
heavily bri the numbers and types of goods arid 
services cbrisumers demand and on the^cduri- 
tries from which they buy them. For this Tea- 
sbri, import (and exportHevels— which reflet 
preferences for foreign products relative tb do- 
mestic ones— are an iriipdrtarit deterriiiriarit bf 
employment. 

Techriblbgy used in production Js a second- 
ary iriflUerice that is dwarfed by the effects df 
derriarid changes; it governs the nrfx of lafeor 
arid other inputs. Tex^hnology chiige^ 
affects employment much more sldwly thari 
do demand shifts, because it does riot affect 
an industry or an econoriiy all at bribe. jVutb- 
mation, in particularj is typically ^ adopted dur- 
ing periods of ecdridriiic exparisibri, a timing 
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that facilitates the adjustment of work forces 
through attrition.* 

While it is hard to attribute past employ- 
ment growth to a single tech hbldgy change, 
the iritfbductioh of hew products arid produc- 
tidri processes has historically been asscN:iated 
with empldyrilerit growth. This has occurred 
despite the fact that prdductivity improve- 
ment (due to technology or other factors) by 
itself— i.e., unaccompanied by change ih pro- 
duction volume or in the average number of 
working hours per job— ^ill result in fewer 
jobs.** 

The fact that interest in automation has 
gtbwh during two closely spaced recessions 
tends to confuse the perceived relationships 
between autbrnatipri ariH eiriplbyrheht. Many 
emplbyers laid off persbririel because of the 
recessions, as is usual; what is unusual is that 

♦These points^afe frequently raised by the Bureau of Labor 
Statistics. Also, West German research shows that on an overall 
industry level, the tinung^ pf Adoption relative 
to when it is first introduced, affects the rate and level of 
employment change: _A West German 5tudy found that the ac- 
tual and hypbtheticieQ emplbymeht reductions associated with 
huriierically controU^ [NCj m^ topis feU betw^n 1^^^^ 
j^T^Lactual jayp^s were negUgiMe. The a concluded that 

the potential for displacement depended on where the technol- 
ogy was used: compared to the early ones, later NO investments 
were aimed at replacing old equipment rather than expanding 
P^P°pi'y» AH^ SMch instfi4i?_tipns wer^e mpre cpjnmpn among rel» 
ati.yejy small users, where the opportunity for productivity im- 
provement (and displacement) was lower: - -- - 

As-that study illuistrates, estimates of potential displacement 
should allow for change ih baseline conditions over time. An- 
other Gennjm 

tp_stand»alone NC. newer flexibJe manufacturing syjitem (FMS) 
technolpgy coald displace 1,000 to 3,000 people-by 1990, or less 
than I percent of metal working em ri! by merit. The authors cbh- 
clucled that organizatibhal inertia iJid difficulties inyp lyed in 
ysjng, the relatiyeb^ new technplp^ wpuld retard _actual dis- 
placement. The conclusions drawn in these studies are consist- 
ent with the expectations Df analysts who are familjar with 
American use bf NC iahd FMS. See Werner Dbstal, et al., "Flex- 
ible Manufacturing Systems a^ Job Structiires" |Mitteiliingeh 
aua der A rbei ts markt: _u nd B enif sfprschun_gL i_982L and Wenier 
bostal and Klaus Kostner, "Changes in Employment With the 
Use of Numerically Controlled Machine Tools" (Mitteilungen 
aus der Arbeitsmarkt- uhd BehifsTorschuhg), 1982. 

* *QEP p, for example, hM csti^ that if prpducti yi t_y were 
to rise 10 percent between 1980 and 1990 and world trade failed 
to grow over the decade, aggregate employment would be 0 to 
'I percent lower than in 1980. However, OECD believes that 
the higher estimate is unrealistic, because such productivity 
KTQ w t h w puj d be u n u s u al ly^ hi gh , per m£m e nt _ijri creajs es_i n_ p ro- 
ductivity growtli rates are unlikely, and static trade.is. especially 
un\\ko\y. t^icrot^loctroni^s, Tiobotics and Jobs, OECD. Paris, 
1982, p. 90. 



some may not rehire to pre-recessidn levels be- 
cause of recent or planned automation, and/dr 
because of permanent declines in their busi- 
ness^ Thus, the percentage of unemployment 
due to permanent separations (as opposed to 
l?y9l?sj™d other factors) grew during the last 
recession. These developments will likely slow 
the return of the unemploymentrate to pre-re- 
cession levels^^ On the other hand, because of 
the recessions and recent high interest rates 
ihmiy firms avoidedmvesting in new equip- 
ment. The recovery may outpace their ability 
to automate, or it may fail to generate suffi- 
cient profits for them to automate. 

The auto industry exemplifies all of these 
possibilities to some degree. Yet it was wide- 
ly recognized before the recent explosion of in- 
terest in robots that U.S. aubomobile manufac- 
turers were iinlikelyto^l^ prior peak levels 
anyway, at Jeast during the 198d's, because 
of changes in th^e auto^market, such as^ow^ 
in imports,^ in some industries, such as autqs^ 
PA may help to preserve jobs^J)y helping 
domestic firms repel inaport conape^ition, ctl- 
though total industry employment may faH.* 

Changes in employment levels will depend 
not only on how technology and economic con- 
ditions afiect industries immediately involved 
in produci^ng and usmg the tec^^^ they 
wiH also depend onjww relatedjndu^strie (e.g., 
suppliers and customers) are affected. Evalua- 
tion of both direct and indirect employment 
effects generally requires a macroeconomic 
model that captures interindustry links and 
their sensitivity to changes in prices and tech- 



'Rdbert Bedharzik, "Layoffs and Permaheht Jobs Losses: 
Workers' Traits and Cyclical Patterns," Monthly Labor Review, 
September 1983. 

'See Increased AutomobUe Fuel Efficiency and Synthetic 
Euels:^ Alternatives for RedUdng Oil Tmports (Washihgtbri, 
D.C.: U.S. Congress, Office of Technology Assessment, OTA- 

E-185^Sopyamber_l9^^ 

. ^* For reference, note that Arthur D. Little concluded from a 
study of West European auto manufactuHng that, despite an 
anticipated $40 billibh investment ih prdgtamhiable auU^ 
tibh during the 1980's, the West European share bf the world 
auto market wJlLcpntinue to fall,_and its employment capacity 
may fall by fis much as 30 percent from current levels. See 
Mortyn Chase, "European Car Makers Seen Installing $40 Bil- 
lion ih AUtbmatibh Equipment," Amencah Metal Market/ 
Mctalworkihg News, Feb. 28, 1983. 
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noiq^es; At this time, available data are not 
adequate to fully model the likely impacts of 

PA: 

A major advance in this direction comes 
from a study recently conducted at New York 
University. It concluded from an input-butpiit 
analysis that, given the likely impacts of sev- 
eral computer-based technologies on laJbbr 
requirements in mahufaclurihg, education, 
health, and the office workplace, and given the 
employment generated by increased produc- 
tion of computerized equipment, sjgnific^t 
unemployment during this century is hpt like- 
ly to result from progressive cbmputerizatidh 
(provided that the work force can satisfy shift- 
ing oeeupatibhal and sectoral requirements), 

That study illustrates Jiow emplbymeht in 
manufacturing can be stimulated thrbugh this 
century by the pr^oduction requirements bf po- 
tential rates of installation bf cbmputers apd 
automation into the mahufacturihg and office 
environments. The study uhderscbres the im- 
portant role that dbrhestic prbductibh of cap- 
; ital goods— demand by businesses for the 
products of other businesses— plays in main- 
taining domestic emplbymeht levels. It also 
shows that slower grbwth in the labor force 
can blunt the emplbymeht effects of labor-sav- 
ing techhblo^es. As the authors note, addl: 
tiohal wbrk is heeded to assess the effects of 
other factors bh employment, such as pqssi- — 
ble changes in production materials, in level 
and mahher of equipment integration, and in 
trade patterhs.^ 

OTA shares the view that use of programma- 
ble automation can grow, as is expected, with- 
out large increases in hatibiial unemployment 
. during this cc-itii^. The effects on empipyment 
of labbr-savihg technologies can be offset in 
the aggregate by changes in the htbor force, 
as well as by likely increases in output f or c^ 
ital goods and other products^ Such output 
^owth, of course, assumes a strong economy. 
However, the transition in industry stracture 
and occupational profiles accompanying PA 

'Wassily Lebhtief and Fay^ Duchih,-7Yie Impncts of Auto- 
, mation on Empfoyment. 1963'2000, Jinsl report. J^ew Yofk 
• University, Institute for Economic Analysis, April 1984. 



and recent ^owth in iihpbrts may burden in- 
dividuals and communities at least temporari- 
ly»_es]pec:aHy if PA use grbws more quickly 
and extensively than appears likely during 
this decade. Ghanges in industry demand for 
specific skills will make it harder for some in- 
dividuSa tb find br change jobs, as will region- 
al dependence bh specific industries. Thus, PA 
may aggravate bhgoihg local unemployment. 
While the Natibh as a whole will benefit from 
the prbductivity gains expected fi*qm PA, it 
will hbt behefit fully if otherwise productive 
labbr resources are idled for long periods of 

time. " P 

I _ . _ 

Analysis of the emplbymehi impacts of pro- 
^ammable autoihatibh is fraught with diffi- 
culty. Briefly, analysts geherally approach the 
problem firom two perspectives: the ehgiheer- 
ing approach, wiiich focuses bh the potential 
for equipment to substitute for people an a 
task-by-tasik basis; arid the economic ap- 
prbaeh, which derives employment estimates 
from ihbdels bf the interaction among indus- 
tries based bh their requirements foHabor and 
other prbdUctioji inputs. approaches 
have shortcbrilings.^ Moreover, the number of 
different PA technologies, the range of equip- 
ment designs and implementation strategies, 
arid uncertauities about the s 
of technical advances make the fbrmulatioh bf 
g enera l rules about job loss (or ereatibhj risky. 
-^ortooTidc^^^stn:^^ eftiplpy- 
ers (even in the same industry) in job riiix, job 
definition, and adaptability tb change. Final- 
ly, ^ata describing prevailing skill require- 
ments,^ jobs, and job mixes ariibhg firms are 
Bmitei As the technical riierilbraridum pub- 
lished durihgLthe course bf this assessment ex- 
plained,^ predictibhs bf erilproyment impacts 
shbuld be regarded with caution. Ayaijable 
data only pennit irisights into the likely direc- 
tibhs fbr eiriploymerit change. 

This ch^ter examines hbw PA is likely to 
affect employment bppbrturiities, drawing on 
inferehces firbm case studies, site visits, inter- 
views, and technical literature. It fcKiuses on 
change at the level bf the firril and the indus- 
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try. The firsi^eetibh deaeribeaJibw, and why, 
progrfirhiTiable automation will shape job rp- 
pdrtuiuLties^It traces potential effects oh tasks 
and skills. The second section describes where 
erhplbyrheht irhpacts are likely to be experi- 
enced, by industry and by gebgraphic region. 
The third sectibh explores the implications of 
prbgrammable autbmatibri fbr specific bccupa- 
_ tiohal groups. Together, the first three sec- 
* tiohs identify the groups of people most like- 
ly to experience employment change and the 
types of change they may cdnfrdnt. 



The final sectibns address the implications 
of those changes for the labbr market overall. 
The fourth sectibh discusses the overall effect 
of likely impacts on tasks, skills, and occupa- 
tibhs. It draws oh other studies of individual 
autbmatibh techhologies and industries to pro- 
vide perspective. The fifth section discusses 
cbhtextual factors that will shape observed 
emplbymeht patterns. It identifies trends in 
the supply of labor, and it describes recent 
Japanese experiences in adjusting to auto- 
matidh. 



Effects of ProgrammaBle Automation on Jobs 



As figure 14 illustrates, change ih emplby- 
meht ihduced by hew techholbgy depehds on 
how techholbgy alters the tasks tb be dbhe ih 
mahufactxirihg jobs, bh what changes bccUr ih 
the skills required for differeht tasks and jbbs, 
and bh hbw the rbles bf differeht dccupatidhs 
change; tbtal empldymeht change also de^ 
pehds dh changes ih how labor is used within 
and between industries and changes in labor 
supply. The effects of PA on ^vork opportuni^ 
ties are so varied and (at t|nies) so profound 
that they call into question the basic defini- 
tion of skill/ the identification ofjvliere skin 
fits into the production process, and the rela- 
tionships between tasks; skills, occupations^ 
and jobs. Gfianges in task aasi^imehts and 
skiH requirements vitiate traditional beeupa- 
tlonal descriptions; whicfi iorin the basis bf oc- 
cupational employment fbfeeastihg.* 

Employers create jobs by cqmbiiMgsets of 
tasks and aUocating them to indi^^^^ 
with similar descriptions and avenues of prep- 
aration are classified aa occupations. Indeed, 
the design of training programs depends bh 
the expectation tfiat people ih desi^ated be- 
cupations or jobs wiH perform specific tasks. 
Uhfortuhately for the analyst, what is actu£illy 



♦The changes may occur only informaUy, at least at first, and 
may riot be reflected in Job titles. 



done dh the jdb frequently differs from the fo^ 
mal jdb description. Differences in actual func- 
tion between various jobs and occupation^ are 
often nominai, while companies differjn w^ 
they ask of people in the same occupations, 
even within a given industry. 

_ ♦ 

Corhputer-based techndldgies, including hu- 
mericfd cohtrdl (NC) techholdgy, have already 
led to differeht staffing patterns within and 
among cdUhtries, varying on the basis of in- 
dustrial traditions, labor raarket conditions, 
prevailing types of company stmcture,jmd na- 
tidhal educational systems. These^ 
further complicate enjployment f orecrating, as 
employment change depends on a series of de- 
cisions yet to be made by cun-ent and poten- 
tial employees, employers; and educators. 

A German analysis df flexible rrianufactur- 
ihg systems (FMSj, fdf example] concluded 
that work within an FMS was comprised of 
a set of tasks that could be allocated in numer- 
dus ways generally not bound by the technol- 
ogy (see table 16). The authors iflustrated this 
point by contrasting two cases, one with tSree 
types of jobs directly associated ^tft the 
FMS, the other with fiv^. They concluded that, 
while the technology perauts unusual freedbrn 
in defining jobs; and is particularly conducive 
to multifaceted jobs, radical change ih job de- 
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Figure 14.— Conceptual i^odel: Occupational Demand Change 
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scriptiqns is a distarA prog^ to tSe slow- 
ness j)f organizational change.* 0TA shares 
this perceptii^. 

Effects of Programmabie Automation 
on Tasks 

Although each application of programmable 
autbmatibh in the workplace is nniqtiei OTA's 
analysis reveals some cdmmdn trends in how 
autdmation affects the use df labor. At the 
simplest levels atitdmatidn displaces and/or 
creates ta^ks: Where tasks ar^ transfen-ed 
ff dm people to machines, fewer jobs are asso- 
ciated with the production of a gjvra 
of product. This transfer process constitutes 
di6piacement--the e^ of tasks (and 

uMmatdy of jobs[tte have been avail- 

able but for automation. 0n the other hand, 
the^ introduction of new equipment and sys- 
tems into the woi^place ^sd creates tasks, 
particularly in the design of products and the 
maihtenance of the equipment. The situation 
becomes more complex where prdductidh prdc? 
esses change more sigmficantly . In this case, 
even tasks and persdnnel associated remote- 
ly, or not at all^ with the primaiy tasks per- 
fdrmed by the equipment will be affected. 

- 'Wemef Dostal, etJd., "fiexible Manufacturing Systems and 
Job Structures" <Mitteilurigen auS der Arbeitsfflarkt- und 
Berufsforschung), 1982. 
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Table_16^— Basic Tasks: Activity Elements With NC 
Machines and Fiexlbte Manufacturing Systems 



fding to tool and 



P rbg ramin t and p Ian n I n g : 
.1, preparation of a progtam_ 
"' ' '2: 'modification of a program 
3. preparatidh of tool blueprint 
4 • P r© P aratj ph of mo u h 1 1 rijj bl uep rl h t 

5. processing problems: interviews for additional 
information _ 

6. the activities of a programer or operator in case of 
breakdowns 

P re paratio n and equipment: 

1. making the tools ayajJabLe and transpbrtation of 

- tools and mounting means 

2. presiBttihg of tools and mouhtihg means 

3. cdhtrbl of tddl ihstallatioh; brihgihg of tools into 

_ play ; 

4. preparation and setting up of mounting means and 

- devices 

5. lifting and putting ddwil of a wdrkpiece 

6. mpuntirig of workpleces ac^ td the rhdUhtihg 
blufipilnl and one's experience 

7. control of mounted worXpieces 

8. switching on and adjustment of refrigerant afflux 
Preparing and eqUipp[hg^ 

1. Lnput_qutpui media Insertion, spbqilhg removal 

2. zero adjustment. : :'}^_ 

3: placing the correction switch acTCordln^ 

moUritihg blUigpriht 

4. placing cdrrectldh switch towards tddl lock 

5. test, run with cob rdl hate and cutting dlrectlbh 
control 1 

Operation and sapeirvlslon of machines: 

1. starting df a pro gram run 

2. pbseMn9 b^ the operating cycle 

3. teraDval_Df_shaylngs_ 

4. changing of tools and mounting 

5: sapen/islon of the operating status of the 

ihstallatidh 

6. dlscbvery bf false ccritrbl nibverhehts 

7. acljyating of the switch In case of breakdowns 
- 8: removal of breakdowns 

Cdritrdllihg arid monitoring: 

1. measure and surfac(9-cdht rdl diirlng processing 

2. pbntrbl b^the cbmplete wbrkpieces 

3. LnstaMatjgn care__ 

4: putting into operation and keeping In operation 
-5._tc ain i ng df an o p er a tor 

sbURCE: W. bbstai, et aj., "Rexlbie ManufaetuHng Systems end Job StruGturos" 
(Mittelluhgeh aus der Arbeit smarkt- uhd Berufsforschung), 1962. 



Task Dispiacement 

Autbinatai equipment and systems jgei^rm 
spedfic, primary tasks pteyiqusly or otherwise 
done by people, such as^ welding, materials 
handUnjg, and revision qfprqduct designs, l^e 
fewer the tasks in the originrijoB de&utibn, 
the more likely that^automatibnjof a task 
will lead to job displacement. For example, if 
a person does only spot welding, the introduc- 
tion of i spot-wSding robot is more likely to 
result in the eHimiiation df part or all of that 

mi 




Photo cndit: Cincimaii Miiacron, tnc. 



Machine cell with two compaterized namerlcally 
cdhtrdlled tumlhg cent ens arid robot for machine 
Ibadlng/uhlbading and ihspectioh 



Xqb thm if the person did and 
other tasks, such as welding-gun repair. 

I^ograminable equipment and systems can 
substitute for labor more readily than can cqn- 
ventional equipment, in part because of their 
satiiity; a single system can perform multiple 
tasks. Inpartiicular, they jserfonn s^condary^ 
tasks in ttie fa^ M cqllectmg^^^ 

transferring infqmadcn^ or 
mwement of parts, and even ratomating the 
flow of materials. Consequently, program- 
mable automation m^ assume tasks tra(& 
tibnally dcme by nonproductibn labor, frqm 
managers to stock-chasers ^ as well as those 
done by production workers; Also, substitu* 
tidh for labdr may occur when PA Js used to 
replace dther t3rpes df. equipment. For exani- 
ple, robots have been addpted by automobile 
manufacturers as an alt^riiaUve to autohlatic^^^ 
welding machines (riiil by people) to db spot 
welding in automotive assembly. : 

The pbssibiUties fbr displacii^g labbr m'e 
generally greater, for cbmputer-integrated 
manufactiiring (CIM)_systems than for standr 
aldne applications of autdmatioiii: although 
such systems do not eliminate all need for 
human input. For example, a single arc-weld- 
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ihg robot may require an operator (although 
that rbbbt/persdh cbrnbihatidn may make the 
hiring of additional welders unnecessary if it 
is more productive than a single human weld- 
Jr). Oh the dthor hand, a single matensds- 
%ahdling robot serving other pieces of equip- 
ment may displace a human matenais-hjm^^ 
without requiring an operator, although at 
vleast one person may oversee the larger £©sem- 
blage of equipment. Similarly, flexible manu- 
facturing systenis have the potential to dis- 
place more people for a given set of machin- 
ing tasks than do stand-alone NG rhaehire 
tools. However, because the art of desighihg 
and implementihg successful integrated rnah- 
ufactunng systems reihfidns immature^ and 
because FMS irhplemehtatibh is_ (arid is ex- 
pected to remain) limited,^ significarit labor 
displacement by either CIM or FMS is unlike^ 
ly in the near term.* 

Programmable automation^oes not jiways 
substitute for labor in an obvious or direct 
way. For example, early research into biri-piek- 
ing robot applications showed that it was more 
epaent to do away with hum 
of steps than to imitate them.^ In Mriie cases, 
automation aecbrhpariies br riibtivates majbr 
changes in prbductibh processes which therri- 

♦Jarnes Brightdrew the same conclusion about the disp]ace- 
ment potential of Systems by evaluating i:onventional automa- 
tion and the use of computers in the late 1950 's and early 1960'^: 
In a paper pr_ej>eu:ed for the U.S.^N^^ Tebh- 
nolog>-, A 11 toma ti on , and Economic Progress in 1 966 , B righ t 
noted that the degree of mechanization varied amon^applica: 
tibhs along thre<? dimensioni: 1) "span,'^ or use across a sequence 
of operations: 2) "level," the degree of automatic process con- 
trol; and 3j_**penetratipnj\'^he exte^^^^ such secondary 
and tertiary tasis as setup and repair are au torn a te^^ 
concluded that "soccegsive advances in automatic capability 
generally reduce operator duties and hence contributions" (p. 
~ lJ-210). He observed that sbplusticat^d systems can and will 
- automate c^^nceptual as well as jihysJceJ w^^^ 

simpler systems tend more to function as toplSj complement: 
ihg the human user: See JameaB. Bright, "the Relationship 
of Increasing Automatibh iirid SkilUleqUiremehts^" The Em 
pigment Impact of Technologica] Change, app. vol. ^1 to the 
report of the U.S. National JCpmniiss^^^^^ 

mation, and Economic Progress (Washington, D.C.: U.S. Gov- 
ernment Printing Office, February 1966^. __ __ __ 

"Steven Ashley, "GE to Install Foi'gihg-Bin Picker JRobot," 
American MeiaJ Market/MetaJworkJhg News, June 6, 1983. 



selves alter the use of labor. As a sequehee of 
production operations, a process determines 
the types and ambuhLbf tasks humans or 
macKnes can perform. For excunple, comput- 
er-aided design (GAD] (in its higher forms) 
^ows many product designs and prbductibh 
plans tb be tested throujgh simulatibhs rather 
than thf bugh the building and manipulatibh 
b£ prbtbtypes. Accbrdingly, an aircraft man- 
ufacturer develop^ a CAD package for ratibh- 
alizihg piping design, replacing its prior prac- 
tice of building full-scale mdcktips of pipe lay- 
outs against which productibri piping was then 
matched.' These twb practices, prototype and 
simulatibh, have vastly different unplicatiqns 
for staffing: iii simple terms, prototype con- 
structibri involved production labor, especially 
skilled workers, while simulation and comput- 
er analysis involve engineers and technicians. 

Other cases of process change are even mbre 
dramatic. For example, when IBM installed 
a robot to test piri placement for component 
wiring, the robotic applicatibn essentially eUm- 
iriated the practice of delayed testing of com: 
pleted assemblies by people using diagnostic 
software packages. (This robotic appHcatiqn 
may in turn replaced by a procras for chem- 
icaily bonding wires to bqards,^liimnating the 
need for pins. ) As these exranpleg suggest, 
even stand-alone applications bf prbgram- 
mable automation can pve rise tb radical man- 
ufacturing process changes. The mbre exteh- 
si VP the process change^ the rtibre obscure the 
direct implications fbr jobs even though the 
potential impact may be substantially greater. 

Process change, wth or without^ 
tibn, often is accornpanxed or occasioned ^^^^ 
change in product design.* This cbmbinatioh 

'OTA case study. ^ 
* For jxarajjle, cp^ tinujng reduc tions i n computer size reduce 
the number of parts used in cpmpujteTSj resulting i^^^ 
rication and aBsetnbly tasks. Also, conipanies seekin^tpdesi^ 
products for ease bf production are tncressingly desi^ung prod- 
ucts that can be assembled like^* 'layer cakes,'* built from the 
bptLom up In Ja^rs wkh no ne^ during assern; 

biy. Such ciesign changes reduce production labor with or 
without adtomHtion. 
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of events geheraUy cbmpKcates tfie analysis 
of displacement. Most eihplbyrheht forecasts 
assume constant prbduet eharaeteristics, 
which imply constant (average) requirements 
for labor, capita*, amd raaterials. The more 
variables that change, the harder it is tb model 
prdductibh and forecast related employnieht. 
Furthermdre, cohventidnal emplbyrheht fore- 
casting techniques are ill-suited to evaluate 
simultaneous changes in product arid process 
characteristics because these potentially in- 
volve changes in indu^ljsy characteristics, such 
as production scale, number of firms, and num- 
ber and nature of suppliers. 

Task Creation 

Although process change may vary in de- 
gree, it is the principal reason that program- 
mable autbmatibh can also be said to create 
jobs. Tasks (arid thus jobs) are created thrbugh 
techridldgy change in several ways; first, the 
Use of prograjilmable aUtomatidri may entail 
more intensive work in sdme areas. For exarii- 
ple, automated systems tend td require rildre 
maintenance work than cdnveritidrial and 
stand-alone equipment, in part because the 
cost of a breakdown is much higher. Similar- 
ly, Ci^jmd CAE (computer-aided en^neer- 

and engineering activity. j\s those technolo- 
gies have made design and product engineer- 
ing easier and cheaper, employers have hired 
rhbre engineers. 

Second, the introduction of software and in- 
tegrated databases associated with program- 
mable automation creates a ne^ for new types 
o^f support work, such as database manage- 
ment^ software maintenance, and programing. 
Taking the long view, however, sorne support 
tasks may only be needed temporarily: The in- 
tegration of different types of equipment 
eliminates some bi the prbgramihg work as- 
sbciated with separate units. This phenome- 
hbh is discussed further in a later sectioirbf 
this chapter (see "Transient Skill Re- 
quirements"). 



Third, if buyers want a ^ven product, prb- 
grimmable autbrhatibh may help prbducers 
sell ehbughjtb ihaihtaih br even increase em- 
ploymeriL Fbr example, several small metal- 
wbrkirig firms studied by OTA increased their 
busiriess (arid emplbyirieht) by using NC ma- 
chinery, which helped them tb deliver riiore 
quickly arid develop better bids.® Change iri 
erriployriieht levels deperids most heavily on 
the level df demand fbr differerit products, 
which deperids iri tUrri dri cdrisUriier prefer- 
ences arid budgets. 



Fourth, the production, distribution, and 
servicing bf prb^ammable automation will 
also generate tasks and jobs. Since automated 
equiprrieht sometimes replaces cbhvehtibhal 
equipment, the net increase iri wbrk depends 
ori how much emplbyirieht falls airibhg pro- 
ducers bf cbriveritibrial equipriierit. Fbr exarii- 
ple, cdmpariies riiay buy robbts as ari alter- 
riative td rioriprogfariririable riiaterials-hari- 
diing equipment. The eriipldyrrierit pdteritial 
within the PA-prdducirig iridustries is dis- 
cussed iri a later section. 

Other Task Effects 

Prograjmiriable autbriiatibri is alsb used for 
tasks people are ribt well-suited for br likely 
td dd, because the tasks wbuld be too difficult, 
ris^, arid/dr tiriri^brisuriiirig, arid coriseqUerit- 
ly tdd experisive.* Orie example is the design 
df integrated circuits, fdr which cdriiputer as- 
sistance is considered necessary (although cori- 
ceiyably teams of people at drawing boards 
could eyentu ally do what individuals at ter- 
minals dojnuch more qiucklyj. Siniilarly, for 
certain types of complex inachining (e.g. , for 
ships' propellers), NC is considered necessary 



"OTA case study. 

♦The application of PA to hazardous _and un^ 
is discussed _ in'Bh. 5 , '_' Work E n vironment . ' ' dne example, 
though, is Chrysler's decision to use a robot to paint the in- 
side of a minivan: According to the vice prcsiddnt for nianurac- 
turiiig, "It replaces only one guy, so cost wise, it will never pay 
off. But pdntirig the inside of a van is the most iruseraye job 
in the plant." See John Holusha, "Chrysler: New Van and 
Plant,*' TVie New York Times. Oct. 28, 1983: 
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or preferable. In both cases, the equipment is 
not totally automatic; human input is re- 
quired. At this tirne, programmable automa- 
tion appears essential for only a relatively few 
tasks. That set may be eiilafged as manufac- 
turers refine and take advantage of PA 's capa- 
bilities and as totally new products are in- 
vented. The inability to forecast such new 
products ag£iin interferes with employment 
forecasting. 

Effects of Prbgrammable Automation 
on Skills 

Programmable automation, thrbugh its ef 
fects on the tasks performed in manufactur- 
ing firms, also affects the types of job skills 
required for those tasks. In some cases, the 
creation of new tasks and tfce elirnihatibri of 
did ones clearly raises or lowers skill re- 
quirements. Often, however, the effect pri skill 
demand is ambiguous,^ because the skills asso- 
ciated with individual jobs and the average 
skill level of a company's jobs depend on how 
work is allocated among individuals. Skill de- 
mand also depends on how weH employers un- 
derstand what skills they refaUy need. By alter- 
ing the balance of work between peopje and 
machines, PA rnakes it pdssible for managers 
to reallbcafe work in ways that either raise or 
lower the skill requirements of jobs. 

OTA's appraisal of the effects of PA on the 
workplace suggests that these technologies 
Will alter both the ''depth" and ''breadth" of 
skiUrequirernerits. Skill depth refers to the in- 
put needed to perforrn an individual task or 
^oup of ihtercbnriected tasks, while skiU 
breadtli refers tb the input rieeded to perform 
a set of (hohsimilar) tasks. For exaniple, a 
journeyman rnachinist (who sets up andoper- 
atesmachihe tools, applying a knqwledjge of 
mechanics, mathematics, metallurgy, laybut. 



and machinihg®) has skill depth in the area of 
machining. Traditionally, subjective notions 
about which people do skilled work— e g., crafts- 
men, professionals, speciaUsts— draw on^ the 
concept of skill depth. Skill breadth has tradi- 
tionally been viewed with more ambivalence--- 
e.g„ "jack of all trades and master of none;" 
This is one reason why labor contracts in 
unionized firms, for example, contsan job clas- 
sifications that detoe relatively nmrow^^ 
requirements and tasks of specific jbbs. It is 
these qualities that govern people's percep- 
tions about wh(^ther skill requirements have 
risen or fallen. 



SkiU Depth 

Skill depth, has two dimensions: time to pro- 
ficiency, and judgment. Jobs comprised of 
tasks that require little or no time to master 
{e.c., food service or filing) and liniited jndg- 
rn^nt tend to be low-skilled jobs in whietac- 
cess is brbad and pay is relatively low. The 
longer the time to proficiency, the mbre lifcg^ 
ly that formal training isjequired for hiring 
aiig promotion. For example, cbhvehtiorial 
drafting requires at least 2 years bf technical 
training, while electrical engineering requires 
at least 4 years of formal training. Although 
salaried (so-called "white coUar"! and hourly 
("blue coHar") work traditionally offer dif- 
ferent; usually quite separate, career paths, 
both types of work include hierarchies of Jobs 
that diffSr in terms of time to proficiency and 
judgment, as well as other traits. 

Programmable automation seerns to lower 
the time toj^roficiency and judgment required 
for many^asks^ including thbse perfonned by 
professionals as well as eraftworkers. Thus, it 

•U.S. Department of Labor, Employment andTraining Ad- 
minlstratibn, DicUonaiy ofOccupmoniEa Titles, 4th ed. (Wash- 
ington, b.C.: U.S. Government Printing Office, 1977): 
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tends to reduce the need for skill depth in re- 
lated jobs. Through cdrnputerizatidri (and ac- 
companying aspects of mechanical design), 
automated equipment offers the ability to per- 
form a variety of relatively easy-td-learn tasks 
(e.g., drawing basic shapes) and increasing* 
numbers of more sophisticated tasks (e.g., 
process planning). With PA relevant informa- 
tion is^in effect^ shared between operators and 
equipment^ People workini^th automated 
systems therefore have fewer^ deci^sions to 
make while tho^e who control the design of 
a system have more: 

Thus, reduction in^kill depth is largely due 
to a shift in emphasis away from complex 
manual work and toward simpler mental work, 
but it may involve decreases in both manual 
and rnental tasks. For example, a study com- 
paringjearly NC macl^ 

equipment noted that^physical effort was di- 
minished (in an amount depending on the ex- 
tent of /^automation"), deniand for motor skills 
**and the associated perceptual load related to 
precision and accuracy of movement" were re- 
duced, and the number of operator decisions 
fell.* 

Computerization may affect skill require- 
ments by allowing greater freedom in the al- 
location of tasks; For example, NC technology 
allows programing to be_s^parated^qm jna- 
chine operation; GNG (computerized numencal 
control), however, facilitates the combination 
of programing and operation into a single job; 
If NC prbgraming is performed by a separate 
prbgramer, less judgment and proficiency is 
required for machine opera tioh. As another ex- 
ample. CAD systems are being developed that 
prevent certain actions, including mistakes.** 

'^'once^^^^Lsk^^^^ associated with the 
r^r^^vrn bolit in forrnation in the form of drawings, planning in- 
siructipns and calculations * rose, in niore modern NC appUca- 
tions these tasks are often dOhie by the prograrner rather than 
the bF>eratbr. R. J. Hazlehurst. et al. "A Comparison of the Skiljs 
nis on and Conventional 

Si iichines/ ' pccupationa] Psychology^^ vol. 43. Nos. 3&4. 1969: 
**At least. one commercially available system (Cbmputervi- 
>;ibn's CADDS A) prevents design detailers from permanently 
changing designs. 



On the other hand, GAD itself may allow en- 
gineers to complete designs without the aid 
of draftsmen. 

Since there is less to^ learn to operate CAD 
or NC equipment, people with initially 
skills can produce better, faster than they 
could with conventional technology. Recogniz- 
ihg this, many companies have separated ma- 
chine operation from NC progralnihg in order- 
to hire less-skilled machine operators instead 
of hi^h-skilled machinists. However, this is 
less likely to occur where the product is ex- 
tremely complex and/or the work less easily 
shared. OTA 's studies of rnachihe shops at 
both srnall and large firrns show that employ- 
ers prefer skilled machinists to operate NC 
machines for complex tasks. It is hot clear that 
further refinement of NC technology will elim- 
inate this need, although it may reduce it. Con- 
sequently, it is dangerous to generalize about 
the impact of PA on skill requirements and 
staffing. 

The rerrioval of skill and the fragmehtatibri' 
of work have always occurred with mechaniza- 
tidri. What rhsJces prdgramrnable autorhatibh 
different from dedicated, or /*hard," aUtbrna- 
tiori is the ability to reduce the skill required 
for specific tasks at higher levels in the organi- 
zation (see discussions of aircraft company 
case study in ch. 5). 

Sidll Breadth 

The pbtehtial effects of PA bh skill breadth, 
which applies more to jobs or bccupatibris than 
to single tasks, are less evident than the ef- 
fects ori skUl depth. Requirements for the vari- 
ety of skills in a job are determined by employ- 
ers, who define specific jobs and hierarchies. 
PA and other technologies do not force specific 
forms of work organization; they provide ern- 
ployers with sets of choices about job design 
and division of labor: 

OTA's case studies and other sources sug- 
gest that, in some cases, personnel working 
with PA may require less intimate knowledge 
of a single process or task but also a general 
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nowledge of more tasks. Among the cases ex- 
mined, by OTA, skill breadth was most re- 
uired for repair and rnairitenance personnel, 
hese persohhel have been confronted with 
lore varied types of equipment on the job, 
nd with equiprnent that combines electrical, 
lectrbnic, arid mechanical features. Also, pro- 
rarhrnable automation caUs more attention 
0 prbductidri processes, to the linkage (with 
nd without computer-based integration) of ac- 
Lvities into systems and of system to system. 
Idrisequently, some experts argue that prp- 
3Ssional, technical, eatd managerial _staff,^in 
articular, require broader familiarity with 
roduction activities and their intercdririec- 
ions (as well as an understanding df the 
leans and limitations of cdriiputer control). 

Skill breadth may be associated with ehang- 
cig job cdritent. A Japanese survey of elec- 



trical machinery workers repdrted that most 
of these workers found that-microelectronics 
was associated with frequent change in the 
content of their wdrk.^° Elsewhere, Jap ane^se 
researchers coricluded from a series of autoipa- 
tion case studies that changes in jq^bs fimd job 
content erdde the value of experience; one re- 
ported solutidri was to promote experienced 
workers td various tasks involving watching 
over equipment. 



I 

'"Denki Roreh. "Surveys.diithe trapacts of Micro-Electronics . 
and Our Policies Towards Techhdidgical Innovation." paper pre- 
sented at the 4th IMF Wprld Conference for the Electrical and 
Electronics Industries, Oct. 3-5.1983. 

»Japah Labor Association, ''A Special Study Conc.^rning 
Technological rnhovatidh arid Labor-Management Relations.'* 
interim report, June 1983. 



Effects of Pf dgrammable Aulomatidn Employment 

By User Industry 



Which people will face changing job oppor- 
unities depends on which industries are Uke- 
y to use programmable automation, when, 
vrhere, and how, as well as on the capabilities 
>f the techriblbgies. Given the range of poten- 
ial applications described in chapter 3, it is 
possible to identify the industries as well as 
■he occupational groups likely to be affected, 
[ndeed, because of its flexibility (and other at- 
xibutes), PA can be used in^ a remarkably 
Droad range of industries, in this regard, it is 
mt one manifestation of the growing use of 
:bmputer technologies tadcing place thrbugh- 
3ut the economy. This section will discuss PA 
isers; the employment potential of PA pro- 
lucers (who also tend to be users) is discussed 
ater in the chapter. 

The first and principal users of the techhbl- 
)gies addressed in this report have been firms 



in the so-called metalwbrking industries— pri- 
mary metals, fabricated metal products, elec- 
trical machinery (includes d^tromcs), nonelec- 
trical rnachineiy, transportation ^quip 
and instruments'^— particularly the electrieal 
and hbhelectrical machinery and transporta- 
tion equipment industries.'* Together these in- 
dustries employed almost 10 jnilHon people in 
1980; the electrical and nonelectrical machin- 
eiy and transportation equipment industries 
employed almost 8 n^oh. Their occupatibrial 
profiles are shown in table 17. Other indus- 
tries, including^Inteetural and engiri^ririg 
services, have ^sb begun to be significant 
users of programmable automatibh; erigineer- 



'^Indiistries designated by Standard industrial Classification 
jSlCL codes 33-38. 
'Mbid. (SIC 35*37). 
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Table 17:— Occupational Profiles of Manufacturing Industries 



BmpTdymeht In Manuraciurtng In^ustrl&s by Major Occapatlonal Group, 1980 
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SODRCE: Buriaau of Labor Statistics. Occupational Employment in Manufaciurino Industries. Bulletin 2133. Septiarnber 1982. 
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ing and arehiteetural services employed 557,000 
people in 1980.^^ 

Application of the PA technologies will grow 
relatively quickly among these early user3. 
^ Their experience win faciBtate further appU- 
catiqn of PA, including the integration of sys- 
tems. For example, SM's widely puhlicized 
plan to have over 14,000 robots by 1950 re- 
flects not only the firm's size, but also its ex- 
perience with robots and its understaridihg of 
how and where to use them. Because use of 
automated production technologies, in partic- 
ular, will probably remain cdhcehtfated in 
these industries through this decade, principal 
near-term emplbyrneht impacts wiU also be 
concentrated in these industries. 

Programmable automation wiU be applied 
in a growing variety of industries because of 
improvong c^apabiHties, f affih costs^ and grow- 
ing experience with particular applications^ as 
well as the perceived effect oh cbrhpetitive- 
ness; Materials handling, assernbly, sirhula- 
tion, and inventory control applications can 
be used across the mariufacturihg sector; this 
contrasts with the rnbre harrdwwnarket for 
robotic spot weldin:g arid spray painting. NC 
machining, and GAD for electronic equipment. 
Already, industries such as food processing, 
textiles, apparel, arid paper manufacturing 
have begun to explore use of programmable 
automation, especially rbbbts. Applications of 
these techriologies will spread l)Oth >?^_thin the 
riiariufacturirig sector and outside of it^ but 
sufficiently slowly that significant effects on 
erriployrrierit outside of the metalworking in- 
dustries are unlikely before 1990. 

Some perspective bri the urieveriness of tech- 
nblbgy diffusibri, arid its impact on employ^ 
ment by industry, can be gained from data on 



- » •Bureau of tabor Statistics, \'EmployTnent by Industry ajnd 
Occupation. 1982 andSelected 1995 Alternatives/* unpublished 
data on wage and salary employment, 1983. 



the spread of NC technoloj^; In 1968, brfly 0.5 
percent of niachirie tools jn use among metal- 
working industries m general were numerically 
controUed. The percentage was only slightly 
higher for nonelectricalmachinery industries. 
In the 1976 to 1978 period, the overall figure 
was 2.0 perxerit, varying among industries 
from 0^3 percent for meted stampings to 5.3 
percent for mrcraft and parts^ The overall fig- 
ure was 4;7 percent by 1983: These figures un- 
derscore the fact that production techriolggiQS 
tend to spread slowly and unevenly, Within 
the machihe-tool industry itself, _the propbr- 
tion of NE machine tools.was 2.6_ percent in 
1973, 3.7 percent in 1976'-78, arid 6 percent in 
1983.'^ 

Firm size mi^ affect the incidence of employ- 
ment impacts within and acrosa industries. To 
date, most users of PA, especially the produc- 
tion technologies, have been large firms. Such 
firms may continue to dominate as users be^ 
cause they can more easily purchase equip- 
ment, buy or build bh previous Imbw-how, and 
otherwise afford to autbrriate.^* Industries 
domiriated by large firriis may therefore ex- 
perience faster employ merit change than in- 
dustries domiriated by smaller fSms, other 
thirigs beirig equal; the changes wiU come in 
larger doses. Ori the other hand, larger firrns 
gerier ally have more capacity to transfer and 
retrain displaced personnel, making layoffs 
less likely. Also, supplier-buyer Imks between 
large arid smaller firms rnay hasten^ the adop- 
tiori of j)rogrammable autoination by srns^^ 
firriis.* The domination of the^ej^ospace a^ 
auto industries by a few large firms linked to 



''"The lath Amencan Machinist In 
Equipment 1 9a3 ,"A merican Machinist November 1983; and 
National Machine Tool Builders' Association, 1983-84 Hand- 
book of the Machine Tool Industry^ 

••Steven M- Millen Poten 
factnting Costs Within tJie Metalworking M doctoral 
dissertatidn, Carnegie-Mellon University, 1983. 

♦So, too, wii; imprdverrient of low cost systems aimed at 
smaller users. 
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a number of smaller suppUers can heigh^^^ the 

employment impacts within those industries:* 

i 

I - - . - - 

j Geographic Incidence 

Prdgraitimable autdmatidn will exacerbate 
employment problems in certain gedgraphic 
areas in the shdrt term (i.e., the 1980 's). In the 
longer term, however, its impacts will be more 
general. 

Given the differing tendencies of different 
industries to use pro^aihmable autorhatibh, 
employ meht in the East North Central and 
Middle Ajtlantic regions^ plus individual States 
such as Califorma arid Texas are most likely 
to be affected during this decade, as well as 
the next. Eriipldyrrierit iii sUch rrietalwdfkirig 
industries as aUtdrridbiles arid ridrielectrical 

, machinery is cdricerit rated iri the East Ndrth 
Central regidn, especially in Ohid, Michigan, 

J arid Illiridis; the Middle Atlantic regidn is a 
itiajdr source df iridustrial machinery; Calif dr- 
^jtjifrarid Texas are major sdiirces of electrical : 
machinery and aerospace products. See figure 
15 for a comparison of regional differences in 
manufacturing employment. These areas in- 
clude the six States that had S jsercent^or more 
of their enyjloyment in mmufactiuiiig and to- 
gether held oyer 42 percent of aH manufactur- 
ing employees, accordinig to the 1977 Census 
of Manufacturers (latest version available)— 
GaHfornia (9 percent), New York (8 percent), 
Pennsylvania (7 percent), Qhib (7 percent), Il- 
linois (7 percent), and Michigan (6 percent). 

In the short term, areas most dependent on 
single firms or industries will be the most vul- 
nerable to the effects of employment change. 



_ *Oo_the other hand, th^^^ 

ing firms toward using fewer suppliers (to improve quality con- 
tro!) may shift supply business toward larger firms, which may 
have a greater propensity to automate. The extent of this movje- 
ment varies amdhg industries. It is especially prdhbuhced in 
the auto industiy, for example. See^Nancy Kj^ 
Plan to Utilize Fewer Supplier Firms," American Metal Mar- 
Icet/MelaJworking News, Oct; 10, 1983. 



As the authors of an GEGD study of job losses 
in major industries across countries noted, 
**tha proportion of the community's workers 
involved in the primaiy cutbacks" is the prin- 
cipal determihaht of the effect of displacement 
and uhemploymeht oh a cornihunity.^^ This 
prbpbrtidh, and a related factor^ the diversi- 
ty of the local ecbhbmy, both affect the abili- 
ty of the lcx;al labor market to absorb displaced 
workers. Such yulnerabilityi however, exists 
independently of PA or any other techhblbgy; 
lack of ecohbiiiic diversity has long been 
known to make local ecbhdrriies vulnerable to 
any changes iii hiring by dominant erripldyers. 
As table 18 shows. States with a lot df mariu- 
factUring were likely td have experienced 
above-average unempidyment dver the past 7 
years, although dther States alsd experienced 
high unempldyment. 

The East North Central region is particular- 
ly likely to experience unernplbymeht because 
of its assbciatibh with the auto industry. That 
industiy is riot diily a major user of prbgrarii- 
rnable autbrnatibri, but is alsb particiOarly seri- 
sitive tb iriipbrt cbrripetitibri arid td charig^g 
cdrisuriier car-buyirig behavior. Cdrisequeritly, 
everi befdre the autd industry's Use df robots 
was attracting much publicity, there was spec- 
ulation that industry employment might not 
re-attain the peak levels achieved in 1978 and 
1979. The same area is also experiencing job 
losses associated with other industries, su^^^ 
as the industri ma- 
chinery industries. These industries m-e not 
only autcmiating buthave also been contracts 
ing due to import competition and the cycHcal 
declines in business. 



the employment impacts df 
prdgfariimable autdmatidri will become dis; 
persed because df the brdadening geographic 
distribution of manufacturing activity. Over 



"Robert R McKersie and Werner Serigehberger, Job Losses 
in Major Industries (Paris: OECD, 1983). 
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Figui^e 15.— Regional Mahufacturihg Employment 



Empioymeht as a percent of US. toiah by State: 1977 




Change in empToymem, by State: 1BG7'-77 . 




SOURCE: U S Department of Commerce. Bureau •Ml^e'C^sus. 
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Table 18.— Uhemplbymeht Rates by Slate," 1976-82 



-1976 



-t377- 



1978 



-4979- 



1980 



1981 



1982 



Annual average - 
rale (%) 7.2 



6.7 



5.7 



5.6 



6.9 



7.3 



9.3 



Dlsirfbufloh of Siaie unemployment reTailve io average 



Number of years 
above average 



Number of 
States 



Identity of States 



14 

2 
4 
5 
6 
7 
4 



51 



Colbradb, Iowa, Kansas, Minnesota, Net)rasRa, New Hampshire,^ Carolina, North 

___Pakpta,_OAlaHo_ma, South Dakbla, Texas, Utah, Virginia, Wyoming 

Maryland, Montana _ 

Connecticut, Georgia, Missouri, Vermont - 

KeritUcKy, Massachusetts, Nevada, South Carbliria, Wiscbrisiri 

A ri 20 n a, Fl b ri d a, H aw aj i , Id ahb , H 1 i nbi s , ! rid [an a 

Arkansas, Louisjana, Majne_,_New Jersey,, New Mexico, Ohio, Tennessee . 
Cajifornia,_be!awate, MississJppi, New York _ _ _ 

Alabama, Alaska, District of Columbia, Michigan, Oregon, Pennsylvania, Rhode Island, 
.Washirigtbri, West Virginia 



3jnciuding tho D«sirict of Coiumbia. 

SOURCE U.S. Department of Labor, Bureau of LRbor Statistics, Current Population Survey. 



the last two or three decades, manufacturing 
has grown in the South Emd in the Western 
gions of the country, aided in part by govern- 
ment spending. Between 1960 and 1970, the 
nuniber of manufectxu'ing employees in the 
Northeast was almost constant, while in aH 
other regions it grew suBstantiaHy. Between 
1970 and 1980, manufacturing emplbyiheht 
fen in the Northeast, remained constant in the 
North Central region, and grew relatively 
rapidly in the South and West. By 1980, over 
4S percent of manufacturing employmeht was 
in the South and West regions.*® 

The growth in manufactm'ing employment 
in the South and West reflects lower produc- 
tion costs in those re^ons compared with the 
Northeast and North Central, as well as a 
growth of ihe aerospace and electronics indus- 
tries in GaKforhia and several Sbutherri States. 
These areas have benefited from space prcF 
gram funding in the 1960!^s_ahd defehse pn^ 
gram funding since the 1950's. Between 1951 
and 1976» for example, the South's share of 
ixiilitary prime contract awards rose from 1 1 
to 25 percent, while the West's share grew 
from 16 to 31 percent.*® Defense and space 

_ '"James A: Orr, Haruo Shnsada, and Atsusii: ^eike, "UiSl- 
Japah Comparative Study of Erriplbymeht Adjuslmeht," draft, 
U.S. Department bf-ijabbr and Japan Ministr:^ of Labor, Nov. 

9, 1982. ■ . 

'"Eileen Appelbaiun,. " 'High Tech' and the Stroctaral Un- 
emplbyraenc of the Eighties,'* paper-presented at^the American 
Economic Association Meeting, Washing ton, D.C., De<i 28, 



1981. 



R&D has, in turn, led to commercial manufac- 
ture of such associated products as calculators 
sand semiconductors being concentrated in the 
same regions. 

The dispersion of mariufacturirig does not, 
however, preclude regional variation in the 
rate and type of technology change. A recent 
study of geographic patterns in the use of met- 
alworking equipment found: 

The more advanced production techhologies 
are being introduced iil the Wgher skill, hig^^ 
wage areas of the industrial Midwest while 
less of these technologies or less advanced ver- 
sions are being introduced to a lesser degree 
in the low wage, lower skill labor markets of i 
the South and West," ! 

The authors suggest that there is a ^*matc^- 
ing of capital with labor by re^on, V a phenom- 
enon that will influence the geb^aphic inci- 
dence of technological displacement and asso- 
ciated unemplbymeht. 

The dispersal of manufacturing activity and 
the growth of service industries among regions- 
have allowed regional economises to d^^ 
'I'j^? ha_s ^^adie niqst regions^less sensitive to 
changes in manufacturing employment.* 0ne 

^'^Johh Rees, et al., **The Adbptioh of New^echholbgy in the 
American JMaciii^^ Industry, Qccasional Paper N _7i,_M_ax- 
.well School of Citizenship and Public Affairs, Syracuse Univer- 
sity, August 1983: ' _ 

♦Note, hbwiBver, that ehcburiagerheht of just-ih-time supply 
sy s tem js by _ the _auio_ an d other indu s t rie s _ m ay en c our age re- 
centralization (for the auto industry, at least, in Che Midwest). 
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indicator of how widely PA use is dispersed 
is the distribution of service centers and dem- 
onstration facilities estabHshed by vendors. 
Vendor literature and the tr^de -press suggest 
that such faciHties are distributed quite broad- 
ly across the country. 

Another influence on geographic incidence 
is the combination of PA with advanced tele- 
cornmunications systems linking f acflities 
across a region or even across countries. For 
example, Lockheed has found that its use of 
CAD and CAM has affected its interfaeility 
activity. 

Ihtcr-compahy use of GADAM-generated 
data through iaii interactive system^ using 
satellites allows for the transmissiori of 
CAD AM models between four Lockheed com- 
panies that are now on-line. Once the remain- 
ing companies have been added to the net- 
work, said la Lockheed official], ''we can 
design at one plants program at another and 
manufacture at still another plant.''^* 

Autbmatibri producers face similar prospects^ 
For example, ASE A Robot Co. has facilities 
in Detroit, White Plains, New York City, 
Houston, and Los Angeles, and it insta^s 
robots around the country^ It adopted a com- 
munications system '^that will allow ASE A 
engineers in New Berlin (Wis.) to work directly 
with technicians inst^ng equipment any- 
where in the nation" through computer con- 
nections." Computer and telecommunicatibris 
links, together with PA systems, enable man- 
ufacturers to spread a given cbmplerheht of 
personnel across a large geographic arga arid 
avoid fully staffing separate local facilities. 

There is also an international dimension to 
geographical impacts, in particular, the avail- 
ability of programmable autbmatibh may in- 
fluence manufactiifers' decisions abbut Ibcat- 
ingproduction in tfie_Umted States br abroad. 
Some prbponehts of PA argue that a principal 
benefit rnay be to stem br reverse the exodus 
of rhanufaeturing jbbs to other countries. 

''**Lockh^ Exec: 3dB Automation Market by 1990,'- ^men- 
cun Metal MarketJMetalworklDg: J^^^^ 

"Robert Fixmer, ''Swedish JBLobots Pick Wisconsin" (Madi- 
son). Capital Times, Mar. 5, 1983. 



There is sbitle evidence that the cost-reducing 
effect bf PA has rnotivated compaiiies to lo- 
cate more electronics facilities in the United 
States than they might have previqusly. For 
example, GM-Delco recently expanded U^S; 
prpductidri instead of going overseas.^^Alsb^^ 
AT&T attributes its plans to consolidate most 
of its constuner telephone manufactxirfng 
in the United States^to autoniatioji, as weH as 
to the benefits qf^domestic location for respon- 
siveness to changing technologies and con- 
sumer preferences. According to an AT&T bf- 
ficial: 

Far East, Central and Sout^^^ 
bor rates are low . . . but we are designing and 
building our products for automated assem- 
bly, displacing labor with capit^^^^ 
Changes in our manufacturing operations gen- 
erally represent changes in technology— 
moving from electromechanical phones to 
electronic J)hqnes. B that technology 

has spread throughout the product line, and 
a percentage of the value added in aj)fod- 
uct line is electrbnicA_w^^ 
automated assembly instead of the human as- 
sembly Hne.^* 

However^ cost is not the brdy reasbn why 
producers choose to locate bf fshbre. Where 
producers are motivated^Dyra-desJre tb-be-hear- 
a forei^ market, especially if Ibcal-cbriterit 
laws there require local prbductibn, hb reduc- 
tion in costs at home will keep such produc- 
tion in the United States. Thus, aUtd and elec- 
tronics producers cbritihue to operate, expand, 
and buyLfrbm bverseas prbductiph facilities. 
Digitad Efetrbnic Corp., fbr exaMple, expects 
that half bf its materials requirements will be 
filled by bverseas sources over the next 3 to 
5 yearsj whereas ISpercent is now^^* If, on the 
bther hand, programmable automation encour- 
ages more smaU-batch production_ of goods 
aimed exclusively at the domestic market, es- 



- 'njohn Holusha, *1G.M. Electronics Back in U.S." The New 
York Times,_dutxe 20, 1983:. -- _ _ 

i^Laiirel Nelsbh-Rbwe, '*AT&T Shifting More bf Its Cdnsumer 
Phone Manufacturing to U.S.," Commiihicatibns Week, Jan. 
3(X1984. c i; 

- "Nancy Kingrnan^ "OEMs Plan to Utilize Fewer Supplier 
Fiima," Amenc£m Metal Ms^^^ Oct. 10, 
1983. 
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pecially goods tailored to specific regional or 
ethnic preferences, then domestic rhahufactur- 
ihg may benefit even if overseas Ibcatibhs re- 
main most ecdhpmical for mass prbductidh.* 
Insofar as multihatibhal cbrpdratibhs stand- 

*Tho time-savings benefits of computerized apparel equip- 
ment may help domestic firms compete with importers because 
they can deliver more quickly. *lWhen a customer can jDrder 
s pme^hin^ and h aye it_i_n his store in 2 weeks , there *s n o way 
the imports can compete,**. according to one clothing raHker: 
See Fran Hesser, ••Clothing Makers TryXo Sew Up Labor Costs, 
ForiBign Cbmpetitibh,*^ TTie Atlahta CohsUtutJoh, Sept. 21, 
1983. 



ardize products acrbss ebmpanies br draw bh 
standard components, itjn iy be harder to iso- 
late prbductibh for the U.S.Liharket ftom prb- 
ductibh for world iharkets. This prospect has 
, been raised by the discussibhs bf the_**wbrld 
car."** It is alsb becbmihg ah issue fbr prb- 
ductibh bf autbmatibh hardware (see ch. 7). 



**Ford, ior example, has a computer ahd-commuriicatibhs 
system linking engineers in Europe and the United Sta tes for 
^M^^o ^iy e desi^ and analysis work, * iCo mpu ter-Aide^^ Engi- 
neers: Worldwide Dedicated Computers Analyze Into Strac-, 
tures," fooiing and production, October 1983: 



Effeets of Pregrammable Automatioii on 
Occiipatidnai Einpibyment 



dccupational impacts of individual automa- 
tion technologies and of accompanyiiig major 
process changes will vary enormously among 
industries. In the absence of detailed company 
and indust]^^ studies of the deployment of 
labor across th^ economy, data on^ employ- 
ment by jjccupation are the only means^of 
counting people potentialfy ^posecl to the risk 
of displacement.* They can also be used to 
develop inferences about hew jobs ahdbccnpa- 
tibhs. Such esiimates, it must be understood, 
are rough at best. 

Selected Detailed Occupational Groups 
Engineers 

In many ways, engineers are k central fac- 
tor in the employment chafiges expected to 
occur with programmable automation. Engi- 
neers develop automation technologies; they 
work with them; yet they are not inmiune to 
being displaced by them. 

Ehgirieers cbhtribute to both the productibh 
aiid use of PA, The mix of engineers by disci- 
pline fbuhd in aii enterprise varies with the 
nature of the product or research topic; but 

_ ♦Such data are principally avJilsble through theBureau of 
Labor Statistics (BLS), iEilthbugh some are iEilsb available frbtn 
the Bureau of the Census, th National Saenoe Fovm^ation^ and 
f ro m pri va te s o u rces. Mos t_d a t a J)resen ted_in t hls_ch a p ter are 
for 1980^ which represents essentially prerecession conditions 
and conditions prior to much of the recent growth in PA usie. 



in general, electrical/electrbhic and mechanical j 
engineers design eqiupmeht and systems, and 
indUstrial/manU^actiiHii engineers as well as 
electrical and mechanical engineers desu^aih 
plications. Different industries have dilRreht 
needs for special engineering disciplines, such 
as aeronautical/astronautical, chemical, and 
metaUurgical engineers. Typically, employers 
prefe" that OTgpn^rs have at least a bachelor's 
degree, although_mdQviduals without such 
trarning^an be certified by the Society of Man- 
ufactming EngmeCTs to perfqraa certain types 
of production engineering, and jometinaes in- 
dividuals attaih the title bf engineer tfopUgh 
prbmbtibh from ot&er positibha. En^neers 
who perform researcb usually hold advanced 
degrees. The emplbyiheht share^bf mahufac- 
turihg engineers with degrees reflects the fact 
that employers and schools alike have histor- 
ically held this engineering discipUhe in lower 
regard than others (although this view is 
changing, as discussed later).** 

CURRENT EMPtOYMENt TRENDS 

Total empbymeht of en^eers in 1980 wm 
over LI mUlion, incluitthg about 580,000 em- - 
ployed in mahufacturihg. In 1982^ nearly 



**N.b:, statistics collected by BLS treat manufacturing en- 
g^eeriiig as a subset bf uidustniELl eii^neering, although in the " 
vernacular the term industrial engineer has a more limited 
meaning. 
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590,000 ehgih^rs were employed in manufac- 
turing industries. 

Engineers have become more prevalent Jn 
manufacturing industries over the past several 
years. Sectoral employment of engineers grew 
despite the recessions, although individual in- 
dustries suffered declines in engineering em- 
ployment bet>yeeh 1980 and 1982^ Engineers 
comprise nearly a third of professional and 
technical persbhriel across the manuf acturing 
sector. THfr elet!trical and nonelectrical macfam- 
ery, trahspbrtatiori equipment, and a few other 
relatively techndldgy-intensive indus^ 
instruments and chemicals)J:pgether employ 
over 80 jpercent of the engineers working m 
manufacturing industries.'® The number and 
distribution of engin^rs reflects many factors, 
particularly changes in process technology and 
patterns in defense spencfcig (the principal fac- 
' tor bihihd employment trends for aeronautical 
engineers). See table 19. The relatively large 
growth in electrical engineering emplbjanent, 
for example, reflects the spread of micidelec- 
tronics across various products and processes. 

Technology change ^d other factors are 
causing growth in desi^and production engi- 
heerih g activity, which in turn supports 
growth in demand for engineers. In some 
cases, programmable automation is merely a 
vehicle for en^neering activity mbtiyated by 
other factors; in others, the nature of PA itself 
is a cause of growth in ehgmeering. The use 
of CAD, for ex^ple, may be associated with 
increased desi^ engineering activity because 
it makes design cheaper and therefore easier 
to do more often * This is especially likely m 



"••Chjmgin^Emproymeht Patterns of Scientists, Engineers, 
and Technicians in Ranufacturihg Industries: 1977-1980; Na- 
tional Science Foundation, 1982, u -j 

♦This would be similar to the experien<^_wth cpniiiuter-based 
technologies for financial services, the jadoption of wrhich was 
associated with RrbWth in certain banking transactions. 



industries (e.g., special senuconductors[ where 
product differentiation and customizatibh ai^^ 
increasingly important. In some industries 
(e.^., computers and aerospace), GAD/GAE fa- 
cilitates faster advances in product tech- 
nolb^, allowiii;^. more (and more complex) 
products to be introduced in a given period of 
time.** 

Design requirements of FMS and auto- 
^ mated storage arid retrieval systems^(AS/RSj 
are increasing producer needs for engmeers. 
Ginciimati Milacrdn, for example, reports us- 
ingLthdusarids of engineering hoUrs to mialyze 
FMS heeds of potential customers." Across 
mariufacturirig generally^ production engin^r- 
irig activities are growing Because program- 
mable automation and market factors are fo- 
cusing attention on product quality, prbduc- 
tidri prc^cesses, and the liite between design 
arid production. The growth of PA prpdiicts 
arid markets is itself a source (albeit liriiited) 
of increased engmeerihg design arid produc- 
tion activity and emplojrmerit. The more com- 
plex ^theappHcatioh of PA, arid/dr the greater 
the change jn the productiori process, the 
greater the mvestmeht in erigirieering will be. 

As was suggested esilier, the spread of prcF 
grariimable automation influences the i^i^ of 
erigirieef s. In jparticular, it is cbhtributirig 
(because of changes in materials techribldgy, 
as well as the growing ebheerri with riiariufac- 
turing processes) to a revival bf iriterest in 
the discipline of ihanufacturirig erigirieering; 
schools r^ort ^eater iriterest anidrig students 

♦♦Accopdihg w Clarence Borgffleyer of Pratt & Whitney AIt: 
craft. J'It takes us approximately as Idng^ to design an engine 
as it did in 1956, but engine techribldgy has grown infiiiitely 
more ojmplex: We couldn't be©n to solve today's problems with 
yesterday's computers." See •♦Maker of Akcraft Engines Ties 
Data Base to CAE AppHcatibns on Divisional Scale." Comput- 

erwoM Sept. 12, 1983. ^ r.«oo i « - - 

"Latni Giesen, '^Industry Interest Sparks FMS Salesiiopes 
for '84," Amencan Metal Market/Met al working News, Dec. 5, 
1983. ' 



Table 19.— Number and Distrlbotlon of Engineers, 1980 



All manufactUtiiig- 



MetaJworkiiig. 
machinery and 
_ equipment 



0Ulce,_.comPMtjr'9. 
and_accoun{jng 

machines 



Eiectrica[ Industrial 
apparatus- 



Electronic 
cbmpbnehts and 
accessories 



MotoT-velilcies and 
equipment 



Aircraft and parts 



Engineers 
Electrical 
industrial 



5Z9.67Z 
1Z3.647 
.Z1.442 
122.328 



2.3% 
Q.9% 

0.&% 



11.930 
1.671 
1.963 

-.6.718 



3.2% 
0.5% 
0.5% 
1.2% 



48.303 
31 .008 
6.125 
3.970 



11.2% 
7.2% 
1.4% 



10.602 
5.818 
1.414 
2.128- 



4.5% 

2:4% 
0:6% 
0.9% 



34.077 
23,591 
3.031 
2.769 



6.1% 
4.2% 
0.5% 
0.5% 



17,804 
466 
3,921 
■ 3.959 



2.3% 
d.1% 
0.5% 
0.5% 



75.587 11.5% 
5.367 0.8% 
5,809 0.9% 

1 1.354 1^% 



S^U^ureau of Labor Statistics. -Employment by 'industry and Occupation. 1980 and Projected 1990.- unpublish-ed data on wage and saiary employment. 
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in pursuing a mariufacturihg ehgiheerihg ma- 
jor. Also, because of their depehdehce bri sys- 
tems analysis and the need for development 
of computer hardware and software, PA pro^ 
Queers and users alike appear willing and able 
to substitute computer scientists aiid systems 
analysts^ for engineers. PA is thus likely to 
have similar einployment impacts dii engi- 
neers and systems analysts ijecause of their 
overlapping responsibilities, although systems 
analyst employment is lower overall* (see 
table 20). 

A review of want-ads published by PA pro- 
ducers and users over the last 2 to 3 years 
shows J;hat companies generally list ehgiheer- 
ing and coraputer science degrees as alterna- 
tive criteria for eligibility when recruiting for 
both p roduct and apjplications development 
positions, i^teiqng engineering degrees desirisd, 
electrical exigioL*^ is listed most frequent- 
ly, closely foSowed by mechanical engineering. 

Flexible hiring criteria reflect in part a 
growth in Interdisciplinaiy work among engi- 
neers. Production and use of PA equipment 
help to spur interdisciplinaiy engineering be- 
cause PA combines electrical, electronic, arid 

. l^^i^' ^?'^J^/^ computer systems^M were employed 
'nanufactunn manufacturing's share of compater 

systems analyst, operations anaiyst^-and systems analyist em- 
ployment fell overall during the 1970 's, the propbrtiohs em^ 
ployed by nietalwbrkihg iiidus^^ 

^'^J ^7^_\t^6 percent er^ specialists rose 

?Pr_^_?nanufacturing (and for all industries combined), and in 
metalworking industries,.-while the prdpbrtidhs of engineers aiid 
engineering arid scientific technicians fell slightly. 



Table 20.---Emplpyrnent oLCpmputer Systems 
Analysts, 1980 





Number 


Percent 


All industries 


201.999 


0.20% 


All manofactaring 


42.404 


0.20 


Metalworking machinery arid 






equiprrierit 


336 


0.09 


Office, computing, and accounting 




inac hmes ^ ^ ._ 


6.913 


3:60 


Electrical industrial apparatus : : : : : 


581 


0.24 


Electronic comporierits arid 






accessories 


1.146 


0.20 


Mptpj vehicles _and equipment 


_ 945 


0.12 


Aircraft and parts 


3.535 


0:54 


SOURCE: Bureau of l^bor Statistics. "Employment by Industry and Occupation, 
igaCLanaProlected 1990." uripuBli9hed data dri wage and salary em- 
ployment. 



mechanical systems technologies. In addition^ 
design and production activjities often'm^^ 
with the use^of PA systems, especially CAD/ 
GAE systems that aUqw fw^^ of prb- 

diictibh requirements and processes. 

The rise in interdiscipUnarj/ ehgirieeriiig and 
systems analysis suggests that college train- 
ing for production engineers may becoine in- 
cr^easingly necessary over time— i.e., it may 
Become more difficult for individuals lacking 
coHege degrees to rise through the ranks and 
o5t^ engineering jobs. Confirm this as- 
sumption, 6,600 manufactmiig engineers pre^ 
dieted in a 1979 survey that 50 percent of 
plant work forces in th^e automated environ- 
ment will be engineers and technicians. Inter- 
estingly, while 49 percent of di respondents 
had at least a B.A., 61 percent of those be- 
tween 20 and 29 years of age did.^^ However, 
recent warit-ads suggest that, at least among 
today's users of prograiiimable automation, 
employers niay^be^^ to accept several 
years of relevant experience in lieu of a tech- 
nical college degree for some engineering 
positions. 

The growth in engineering^actiyity caused 
by or accbmpahyihg pro^ammable ^utoma^ 
tibh will hot necessarily raise engineering 
empldyment among user firms, although it 
may raise it elsewhere: Many users appear to 
favor turnkey purchases and rely on vendors 
to meet occasional needs for applications 
engineering, father than expand their own 
staffs. The Upjohn Institute, for exaraple, 
found this to be the CMe among robot users 
generjally.^® Also, appUcgtibris engineering 
services are available from growing numbers 
of third-party engineers employed in cdnsUlt- 
^SJ^^ service Jirm^ engineers may 

substitute for in-^hquse^^ either pro- 

ducers or users, p^rfqnning applications en- 
gineeriaag and planning (andsqmetimes con- 
tritiu ting to product de velqpmen t)^ J'or exam- 
ple, increasing numbers of programmable con- 



the Manufactudiig .Engine6K4^fePre3ent"Hnd"Ftnia^ — 
special report to the membersliip-Sf SME. May^28. 1979. 

"H: AUffitHunC and Tuiidthy L. Hunt. Human Hesourtxs Im- 
pUcatiohs ofRoboUcs, The W. E. Upjohn Institute for Employ- 
ment Research. 1983. 
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troUer installations are handled by third-party 
firms'" 

Ehgiheering employment in engineering 
services firms has been growing generally, and 
if PA consulting and service firms contmue to 
thrive, the share^f engineers ernpldyed m 
manufacturing firms (per ae) may continue to 
fall. Although the proportion of manufactur- 
ing professional and technical employees rep- 
resented by engineers has been rising, the pro- 
portion of engineers employed in the manufa^ 
turing sector is declining^ Between 1970 and 
1978. the manufacturing sector share of engi- 
neer employment fell from 54 to 50 percent, 
while the (miscellanebus) service sh^e rose 
from under 13 to 17 percent (see table 21). 
Within the service sector, engineering employ- 
ment is concentrated in the engineermg and 
architectural service industry (a group tn- 
cluding a large proportion of self-employed 
professional engineers). That industry was the 
employer Of engineers in 1982." 



Table 21.— Percent bistribution of Ehaiheerlrig 
Empioyment by Industry Group, 1970 and 1978 



PROJECtEb EMPLOYMENT IMPACTS 
OT A's case studies and other^ evidence sug- 
gest that, while demand for engineers wiH in- 
crease during this decade, automation will 
eventually dampen the rate of ^owthof their 
employment in manufacturing industries. This 
is likely because: 1) computer-aided design and 
engineering increases the output per engi- 
neer;* 2) anticipated improvements in sUch 
areas as equipment interfaces will solve some 
of today's problems in^pKcations engineer- 
ing; and 3) in the long term, if not sooner, th^e 
may be some substitution of technician jobs 
for engineering jobs (see the next Section). 

Although the complexity of PA installations 
wiH grow, so will the capability of automated 



'<'QTA case stu(iy^__ _ _ . ^^^ ~ r ~ 

'•Ronald E. Kutscher. ^Future Labor Market Concfations for 
Engineers." paper prepared for the National Research Counca 
Symposiuiti on Labbr-Market Conditions for Engineers. Feb. 

^' ♦For^example. CHrysler_^i)^t3 that its expanded use of CAP 
wiU not lead to expansion in emplpynient of engineers and 
signers using the technology. Rathen.the company expects £o 
Lvote time saved in design ax^ ^^^^^^^J,"^,^^^^^^^ 
as tooUng and product testing, ^/jCtey^er^Expandmg CAD 
Network," Automotive News, July 12, lyaz. 



Economic sector 



1970 



1978 



Agriculture, forestry, and fishing ...... 0.18 

Mining...,. •••• 

Gonstractian : 

MariUfactUhrig ^|-2b 

Durables...^ 4^.82 

Primary metals 2.2^ 

Fabricated metal_s_ . , . , : , . . . . . • 2.46 

Machinery, except eleclrlcal and 

trarispdrtation equipment 8.31 

Electrical and electronic 

machine_ry_._. , . . , , , ]3;23 

Transportation equipment ii-^^ 

Automobiles 2.17 

Aircraft ^ . • • 8-53 

PrpjesMprial arid scientific 

instrujnents 2.36 

Transportation, O.P.U,® ._ 7.99 

Wholesale and retail trade 4-32 

Finance, Insurarice. arid real estate. . . . _^Q.7t 

Servjc_es^_. ^ - ^ 

Commercial B&P__._._. • • • • • • • 

E-ngmeering-and architecture 7.04 



0.27 
2.40 
-7:08 
50.08 
42.16 
2.01 
2.44 

8.80 

12.37 
10:53 
2.40 
7.02 

2.48 
8.55 
4.44 
0.75 
17.01 
1.42 
-^63- 



^^I'lfl^'^nt'iow not sum to 100 due to exciusldn of government employ.. ^ 
ment figures. 

SOURCE: as: -Department of Labor Bureau of Labor^^t^^^cs rn^^^^ 

Industry-Occupation Employment MBtrlx. 1970. W7a, ana t^rajectea 
April 1981. 

engineering aids^sucfi as simulatibh systems, 
to deal with this complexity. A major aero^ 
space firm, for examjple, has predicted that its 
engine^g and related technical staff regtiire- 
me^nts may fall by as much as one-third once 
the company achieves i|i3 autom goals; 
for some production engineering tasks, the 
drop be as high as 80 percent." The aero- 
space industry represents an extreinej case, 
because the eomplesdty and the stringent qual- 
ity standards of aerospace products wiil|prob- 
ably drive major aerospace firms^o greater 
levels bf cbrriputerizat:ion and systems integra- 
tibn, Mid bh a faster timetable, than firms in 
bther industries. 

Various trends m industrial organization 
wiU also work to slow the rate of growth m 
en^eenng employmerit. For example, the 
growth in engineering cbrisult^ig and service 
firms means that fewer engineers will be em- 
ployed than would be if producers and u^ers 
satisfied their needs fbr engineers internally. 



»'bTA case study. 
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Indeed, recent and ail growth in en- 
gineering and architectural service firms has 
been attributed in part to shortages of certain 
types of engineers— in effect, fewer engineers 
can be spread more thinly by this means.^^ An- 
other factor is growth in the numbef of auto- 
niatij>n users who also produce automated 
equipment and^ystems. Such user-producers 
will draw on en^eers involved with their own 
use oi^ automation to^ produce automated 
ecjuipment and systems. One reason that 
Westingfiouse, for example, decided to enter 
the robot market was management's realiza- 
tion that it already had vitd^in-house eh^neef- 
ing expertise.^^ Moreover, when^ Westinghbuse 
acquired Unimation, it consolidated its robot- 
ics work force, since the combined forces of the 
two firms were believed to be too large.^^ 



SHORTAGES OF ENGINEERS 

In the new term, engineering^ employme^ 
depends primarily on market conditions and 
defense spending. Thus, even^ though they 
**need" engineers to develop new products, 
machine-tool builders have laid off engineers 
because of depressed sales; also, recent engi- 
neering graduates have had difficulty jgetting 
jobs because of the recessions.^® Historically, 
engineers have uhdergdhe cycles of' shortage 
and surplus; despite ambiguous evidence, 
many in industry how believe that a shortage 
of engineers does or will exist. For example, 
the Electronic Industries Association recent- 
ly forecast a shortage of 113,000 electrical and 
computer engineers V>y 1987, based on fore- 
casts of en^neering graduates and employ- 
ment targets^reported in a survey of 815 man- 
ufacturing facilities employjng over 736,0()() 
people:^' Ho wev^r^ employer survey data are 
generally considered unreliable by employ- 



/ "£/:5: IndostM Out/oofe; Washington, £):€;, 1983: - 
/ '*Laiira Cdhigliarb arid Christine Chieri, ''Computer Inte- 
grated Mariufactiiririg." Prudehtifiil-Bache Securities, Aug. 2, 

1983. \ : _:_ 

"''Westinghouse, Revamps Robotics; 40 Jobs Lost," Chicago 
Sun-TimBs, May 22, 1983. - __ _ _ 

'*LauriJjiesbri, '•Ehgirieerihg Layoffs Raise Questions About 
the Domestic jndustiy 's Fu American Metal 

Market/MetM^orJkjngi News^ June.l 8 ^ _1 983. 

. "Bill Laberis. ''Study. Predicts Major Engineer Shortage." 
Cowputerworld, July 11, 1983: 



meht analysts. The shdrtcbmings of this par- 
ticular survey, for exa^ were addressed at 
the February 1984 National Research Coun- 
cil Symposium on Labor-Market Conditions 
for Engineers. 

. Drawing on more comprehehsiA^^ data, the 
National Scienep^Pbundation (NSFj has con- 
cluded from a fdrthcbmihg study bf science, 
ehgiheerihg, ahcMechiiiciaii (SET) personnel 
needed by defehslLand civilian industries be^ 
tw^h 198^ and 19a7 that (under conservative 
assurnptibhs regarCUhg the sUpply to SET 
occupations): \ 

1. the only engineering discipline that wiH 
experience a shortage, regardless of mae- 
roeconqmic conditions a^d defense ex- 
penditures^ is aerbhautieal/astronautieal 
(aQthbugh th^ sharp drop in the market for 

s aerb/astro engineers in 1982-83 may have 
made this less likely); 

2. Under stagnant ecbhoinic conditions and 
with low defense expenditures, no other 
ehgiheerihg disciplihe will experiehce a 
shortage; and 

3. with ecphbmic growth and high defense 
expenditures electrical engineers might be 
in short supply. 

NSF and bthers hbte that even for a^special- 
ized bccupatibhal category such as engineers, 
the supply bf labbr includes new graduates and 
ihimigrahts. It also includes mbverneht in 
from other bccUpatibhs and mbvemehts be^ 
t weeh disciplines, Such ih-mbbility is easier for 
some disciplines (e.g., electrical and electronic) 
than for others (e.g., aeronautical and astro- 
nautical) among engineers.^^ 



* Proj ected E mployment Scenarios JShow Possible- Shortage 
in Some Engineeriiig and Computer Specialties," ScienceJ^ 
source Studies Highlights, National Science Fbuhdatibh, Feb. 
23« 1983. Also, note programs do not 

coUect data on. shortages of wprke.rs.in specific.occupations; such 
data would be very, expensive to coUect and bcicaase of their 
complexity theit^eliabihty would be questionable^ Neal 
H. Rosenthal, "Shortages of Machinists: An Evaluatibh bf the 

I nf brma tibn/ • Moni/ife Lflbor Re}jeWi_ July 1 982 

."J.ean E^ Vanski, "Projected. Labor Market Balance in En* 
Sneering and eomputer Specialty Occupations: 1982- 1987,*' 
paper prepared for the Symposium on Labbr-MaHcet Cohditiohs 
for Engineers, Natibhal Research Council, Feb. 2, 198^. 
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Several factors iriay explain the differences 
n perception about engineer availability. For 
■iHe purposes of this study, a principal factor 
appesirs to be that employers desire person- 
del with very specific skills jmd experience, 
qiigdities that data available to modebrs (m^^ 
surveys tallying employment goals) may not 
reveal. For example, a recruiter from Xerox 
recently observed: 

We re lobkihg for hardware design engi: 
neers and some sbftwEmB people^ . . M 
the resumes we see are from people right out 
of school. Unfortunately, there's nothing for 
them.^^ 

Because it takes time to train engineers and 
for them to acquire relevant experience, this 
problem is hard to overcome, especially where 
technologies are changing rapidly. Further- 
more, there Ls no way to objectively nieasure 
the ability of employers to make do with sec- 
ond-choice job candidates, or to restructure 
their work. Oh the one hand, such steps bring 
labor supply into balance with dems^d^On the 
other hand, they raise questions abqut^he ade- 
quacy of the quality of labor used to meet oc- 
cupational demands. Also, employees m^ pre- 
fer graduates with the highest ^adea amd/br 
those from the top schools, a group obvious- 
ly much smaller thEui the total graduate pool. 

In time,^mployers may well find that a com- 
biriatibh ot^ewer engineers and automated en- 
gineering aids will help them to stabilize their 
engineering work forces and overcome labor 
quality problems. Such ari approach appe^^^ 
to be takeii now with production workers; it 
may cditie later for professional and techme^ 
workers. 

Technicians 

A variety of techhdldgical and economic fac- 
tors are contributing to the growth pftechni- 
cian employment in industty; the gro\raig 
numbers and responsibilities of teclmdciana 
suggest they are the new ''skilled workers" of 
the ecdhdmy. '~ 



CURRENT EMPLOYMENT TRENDS 



Technicians employed in industry are clas- 
sified as engineering, science, healtl^^ 
(not elsewhere classifiedj. Engmee^^ 
cians, ?he principal^oup vsathin^duriabl^^ 
Ufacturing, include the categories of drafts^ 
men, electrical/eiectronic engmeering, indus- 
trial engineering, mecham^cal ^n^eering, 
dther engineering; NC tqoljprogranie^s ma^ 
alsd be considered engineering techiricians. 
Computer prdgramers (busin^ss,^cientificr 
and technical) are another fcport ant class of 
technicians in the manufacturing industry^ In 
1980, cdmbined employment 
technicians, NC tool programers, rad comp^ ^ 
ef prdgramers was about i^ mil^pn; it was 
abdut 508,000 in mauufactming. In\19S2, the 
tdtal-industry and manuf acttning leyels were 
1.5 millidn and 518,000, respectively (see tfeble 
22). ■ 



PROJEetED EMPLOYMENT IMPACTS 



\ 



*«Katherine Hafrier, *'Job Fair Shows Firms NotSeeking En- 
try-Levei DPers/* Co/uputerwor/rf. May 23, 1983. 



Tecfimciahs are becbnung prominent in PA 
applications engineering. For example, one 
company visited by OTA has developed^a 
number of robot applications by teaniing en- 
gineers with technicians. Hdwever, it is ndt 
Hkay that autdmatidn will remilt in a proUfersb- 
tion of narrow technician uoups (e^g./ "robo^ 
technicians") for several reasons. Frojp^ainmgi 
and other preparatory activities can occur rel- 
^atively infrequently, while production proc- 
esses and plants generaUy involve a vmety 
of equipment, making dedjcated^pK^^ 
planning or other support personnel unlikely 
in mdst cases. 

Overall growth amdng the ranks of techni 
ciahs does not preclude declines jn indlyiduad 
categories. CAD, for example, wiU redu^^^ de- 
mand fdr draftsmen, unless trends in product 
markets lead design activity to grow substmi- 
tially.^^ Increases in jproductivity thrbugh 
CAD are generaUjMoieasured as reductions in 
time relative to conventional iiraf ting to per- 
fdrm a given t ask, partic^arly for detailing, . 
revisions, or tests of desi^s las distinct i^om 

«Tupperware, Tor example, ihcreised drafting emploj^ment 
after adopting CAD because the "department iJ3 able ^ Pr^ 
dace more." See JpanJ^axilkner, •'Oamputet- Assisted Drafting/* 
The ProvidBJice Journal, Oct. 16, 1983./ / 
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design, per sej. Fe^er (Rafting hours, and pre- 
sumably fewer drafters,, are hecessaiy to per- 
form a given amount of work. Also, broader 
distnbntiohjbf terminals and workstations, in- 
creased GAD/CAE system capabilities, and 
: improved ihteracti^/ity reduce the rationale for 
delegating draftings prdgramihg, or data in- 
put to spedalists. However, the tendency to 
train and use existing draftsmen in CAD qp- 
erations is one reason why demand for them 
is likely to continue for quite some time.^^ 

Also, anticipated imprdvemehts in equip- 
ment integration and interfaces will reduce the 
occasion for programing. For example, CAD/ 
CAE stations are being developed that will 
automatieally generate (and test) proj^ams for 
robots or machine tc)bls, and production equip- 



*^6TA case studies: want-ads. 



ment is being supplied with increasmgly easy- 
to-use software, reducmg the jiea^ separate 
NC tool programers^ or robst prdgramers. 
However, devejopment of ^ueh systems is oh- 
going, and stand-aoneNG equipment is^ like- 
ly to remain the norm throughout this decade. 

As in the case of engineers, trends in in- 
dustrial ofganization may also shape employ- 
ment opportunities for techmcians. First, the 
spread of programnmbie automa^^^^ 
pected to alter design interactions between 
prime manufacturers an^ their suppliers. 
Automobile and aerospace manufacturers, for 
example^ are increasing computer-links ^with 
sujp^iiers for transmissibir of design spedfica- 
tiqns. This trend could jdiminish drafter de- 
mand among suppliers. Second, CAD rnay in- 
fluence companies' decisions oh whether to do 
their own drafting or have it done on the out- 

I 




Photo credit: Beloit Corp. 



Cdmputer-alded design system "menu" for drafting, with light pen 
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side. A shift to butside draftings under the 
assUmptibh that special service firms will be 
more efficient arid productive in drafting ac- 
tivities, would further compress overall de^ 
marid for draftsriieri. Growth in the ehgiheer- 
ing services market for CAD systems sug- 
gests that demarid for outside drafting, arid 
perhaps some accompariyirig demarid for out- 
side technicians, may be strong. The riiariufac- 
turing share of technicians fell between 1970 
and 1978 lai]gely be^^^ growth in the 

services share^.^^ Trends in the 1970's reflect 
arapid growthjn product complexity and de- 
sigh requirements and die use of both manual 
and simple GAD systems; the continuation of 
these trends is thus uncertain. 

In particular, manufacturers who have the 
potential to Unk CAD to production or other 
equipment may become less interested in 
buying outside drafting services as design 
becomes more important in their operations. 
0ne research center, for example, created a 
new job catego^^, "CAD/eAM operator,^^ and 
hired teclmicrans to work with CAD systenis 
as ah £Qternative to contracting with outside 
parties for draftihg worfc.^^_ Some manufactur- 
ers may nse their own and outside personnel 
at the offices of hew GAD service firms,_whieh 
provide computer equipmeht tihie ahd tech- 
nical support to companies uhable to afford 
their dwri CAD facilities {see ch. 7). 

SUPPLY AND UTifciZATION FACTORS 

It is difficult to gauge whether the-supply 
of techhiciahs will be adequate, because per- 
sons cari become techhiciahs thrbugh mahy 
avenues that may or may hot. ehtail fcrmiQ 
technician training/' As will be described ih 
chapter 6, there is evidence that employers are 
begiririirig to prefer fbrrilal training for tech- 



"U.S. Depiirtmeht of Labor, Bureau of Labor Statistics, TTie 
National Ihdustjy'Oc^^ 1970, 1978, 

Bnd Pr(ilecjJad J^^ 2086 (Washington, D.C: U.S. 

Government Printing Office, April 1981). Almost 53 percent 
of engineering and science technicians were employed in man- 
ufacturirig in 1970; almost 48 percent were in 1978. During that 
period, the proportion employed in services rose from over 20 
percent to almost 24 percent. 

**OTA case study. 



hieiahs, and to offer such training to prepare 
employees for prbgraxninable automation; in 
addition, independent, Qutside traimng.is 
available to individuals to prepare for tech- 
nician careers. Because their educational re- 
quirements are less (ih terms of time, money, 
and rigor) than those of engineers and scien- 
tists, the supply of technicians can be in- 
creased much faster through appropriate 
training. This will tend to support proportibh- 
ate growth in technicians as a class, although 
it is premature to forecast growth ih specific 
categories. 

Because prbgramiriable automation lowers 
the skill requirements for several engineering 
and prbductibh tasks, technicians can and do 
perform wbrk that previously was considered 
either prbfessibhal br skilled trade work. While 
this may always have takeh place, PA is like^ 
ly to make the substitutibh possibilities more 
obvious and nUmerous.^The fact that growth 
of technician employ merit in manufacturing 
between 1977 and exceeded the growth 
rate for bpth sdra 

gests th at technicians ^e being subs tituted^ 
for other types of personnel. Growing flexibili- 
. ty in staffing ^ain suggests that conventional 
occupational descriptions and staffing conven- 
tions are; of limited use fbr gauging future 
employmehc patterns. 

Prbductibh and Related Workers 

This broad category mcludes J'^ skiU^ 
semiskiHed, and unskilled workers^performing 
machine and manual ta^ks involving produc- 
tibh, maihtehahce, construction, repsdr, ma- 
terials handling, and pbwerplant operations," 
as defihed by the BureauLofJbabbr Statistics 
(BLS). It cbhtaihs the bulk of the bceupatibhs 
mbst directly viilherable tb displacehieht ff biff" 
prbgrahlmable autbmatibh, as well as from 
past technological cjjahges, Prbductibh work- 
ers have varied edUcatibhal backgrouhds and 
skill level^, but are less likely to have college 
training t^an are ^t her occupational groups 
in manufacturing. They tend to acquire their 
skills on the job rather than through ijiutside 
training. 
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OVERALL EMPLOYMENT TRENDS 

Production and related workers are, overall, 
the largest occupational group in manufactur- 
ing industry employment, with about 14 mil- 
lion employees in 1980. This group's share of 
manufacturing imployrneht has been declin- 
ing. Jn 1980, 68.1 percent of manufacturing 
employees were pr<>duction and related work- 
ers, compared with 70.8 percent in 1977. This 
group constitutes the largest proportion of 
workers in all industries surveyed by BbS in 
its Occupational Employment Survey (0ES) 
of manufacturing industries. According to 
1980 OES data, the highest absolute nurobers 
o^f these workers are found in the machinery 
(1.52 miUion), electrical and ejectr^^^ equip- 
ment (1.25 million), and transportation equip- 
ment (1 .19 million) industries— the three broad 
industry groups in which PA is produced and 
most heavily used. 

The group as a whole contains three princi- 
pal classes of workers, by descendiiig order j)f 
skill: craft and related workers, operatives, and 
laborers. In 1980, there were 3,768,395 crait^ 
and related workers, accqimting for , i&.Sl 
percent of manufacturing employ meht. This 
group included 695,157 ]3.4 percent of manu- 
facturing employment) mecfianies, repairers, 
and installers; 668,002 (3.3 percent) metal- 
working craf tworjcers (excluding mechanics); 
and 1,751,529 (8.6 percent) others (e.g^ weld- 
ers, painters, etc.). Table 23 details some of the 
occupations within these cat egbries. Iii addi- 
tion, there were 8,845.318 (43 Ape_rcerit) o 
atives. Thia group included 1^661,150 (8.2 per- 
cent) assemblers; 1,470,169 (7,2 percent) metal- 
working operatives^ and 5,713,999 (28.1 per- 
cent) bther_ operatives. Finally, there were 
1,576,576 (7.7 percent) laborers. Some of the 
occupations within these categories are fisted 
in table 2l Note that, between 1972 and 1980, 
production worker employment grew slowly 
across the economy,jwdth employment am 
cf af tworkers growing the most, followed by 
laborer employment, and with no growth 
among operatives. f\ / 



A critical question for futu 
levels among production occupations is wheth- 
er and how much the total arnoimt of domestic 
productibri changes; technologies that lower 
labbr input for a given amount of output do 
hot alone lower employment levels. For exam- 
ple, companies using more ]or more expe^^^^ 
eqiiipment because of PA may ffiad operating ' 
for more hours in the day more profitable. 
Adding one^r^more production shifts is pbssi- 
ble if the companies can sell the extraputput; 
it also can increase or sustain company em- 
pldyment. On the other hahd^ if demahd does 
not support growth in ihdustiy output, em- 
ployment may merely be shifted among firms. 

It is important to remember tfi^t factors 
other than automation are^motiv^ 
in production employment mnong metalwbrk- 
ing industriesj^ reductions in the amount and 
proportion of metal used in a variety of prbd- 
,ucts, and increfU3es in the use ofsuch bth^ m^ 
terialsjts plastics mid ceramics will reduce 
employment of metfl erfitftwbrkers;* Hbwev 
whCTe^he materials shift occurs within a given 
firm, metalworkihg employees may move to 
work with other matei^als^ keeping their jobis 
but changing their labels. Recent increases m 
offshore prbductioii sQso depressed domestic 
employment in metalwbrking industries, par- 
ticularly for production and related workers. 
For example, tJ.S. auto compsmies have estab- 
lished component plants qffehore, citd U.S. 
aerospace firms have^ntered into coprbduc- 
tiori or other supply agreements with firms, lo- 
cated abroad. Inareases in hnports have a sim- 
ilM- effect. Table 25 presents employment in 
industries particularly affected by foreign 
trade. As noted above, the gTO\i^h in fbi;eigh 
sourcing of parts and other products is attrib- 
utable in part to lower labor costs overseas, 
although differences in accounting make pre- 
cise comparisons difficult. 



**Carbl Boyd Leon, ''Occupatibhal WiMerilandXosers: Who 
They Were During 1972-1980, ' SfonMy Labor Review, June 
1982: 



♦Materiais changes J^;^^ 
example, l^as skilled workers are ne€^^ 
ing than metal piping. Within the misceUanTOUs^Lastics prgd- 
ucts industry, craft and related workers comprised 16 percent 
of 1980^emproymeht, while operatives cbmprised 56 percent. 
See James EL York, ^'Productivity Growth in Plastics Lower 
Than All Manufacturing/' MoneAij^ Labor HewW, September 
1983. 
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table 23 — Craftworker Empjoyment and Selected Occupations, 1980 
(All mahufactUrlhg Industries, wage and salary workers) 



Occapation _ Number Percent 

Craft and related workers 3,768,395 18.51 

Construction craftwbrkers ' 296,458 3.46 

Electricians . , , 126io01 o!62 

:_ PiuiTJbers .and j3(pefjtters 61 ,747 0.30 

Mechanics, repairers, and Installers. 695,157 3!4i 

Air-conditioning, heating, arid refrigeration mechanics 11,759 0.06 

Aircraft riiechahics _ 19,603 " 0:10 

Automotive mecha 5li867 0.25 

Data-processing machine mechanics 18,050 o[o9 

Diesel mecharilcs . . . . . , : 3,316 0.02 

^'®ctrical iristrurrierit arid tool repairers t;97S 0:01 

Electric mot .,........;.;::::::.:::::::: 1,578 o!oi 

EngLneering equipment mechanics ::::::::;;:. H.'osfi 0.05 

Instrument repairers 22,537 0.11 

Knittirig rtlachirie fixers ld,'578 0:05 

Lddrri fixers , .:.!::: _17i877 0:09 

Maintenance mechanics. .........:.:::: i ::::::::::::::: : 209,673 1.03 

Maintenance repairers, general utility. ...:.. 181 851 - 0 89 

Millwrights : . ....... ^. .... . . 68,926 0.'34 

r^M^*^!"® ^^ .; 1,864 b.bl 

Radio and tejey^^ ......::::::::::: 5 ,136 _ o!o3 

Section repairers and setters :::::::::::::;:::::.:....... 13,553 o!o7 

Sewing machine mechanics^. . . . ^. . _ _12,141 0.06 

Metal working craftwbrkers, isxcept riiechariics 668,002 3!28 

BoilerriiaRers . . . , . . . ■. 1 1,966 0:06 

CpremakirSj^ hand^ bench, and floor ......::::::::::::::: 9,107 0.04 

Forging ptess operators :::::::::::::::::::............. 8,727 0.04 

Header operators : : : : . .. ...... ^ 5,385 0.03 

Heat treaters, aririealers, arid teriiperers 24,866 0.12 

^-^y^oui ^ark^^^^ 20,664 0:10 

Machjne lool setters, metalworking .:::::::::::::::::::: 56,312 0.27 

Machinists ..::::::::::::::::::::::::,:::... 197,849 0.97 

Motders, metal : . . ^. , 38,807 0.19 

Patterrimakers, rtietal . : 7,336. 0.04 

P^PPh press seUerSj_m^ 19,141 0:09 

RoUing. mjlL ojDerators and helpers ..::::::::::::::::::::: 10,708 0.05 

Shear and slitter setters :::::::::.::..... 5.^62 o!o3 

Sheet-metal workers arid tirismlths 80,'Z29 0.40 

Tddl-arid-dle riiakers 158,586 0.78 

P''*'lt|na trades c^^^^ ..::::: 357,249 1:75 

Bplolkbinders^ hand and machine :.:::::::::::::::::::::.: 22,674 0.1 1 " 

Bindery machine setters :::::::..::.... | 6,453 p!03 

Compositors arid typesetters 105,465 0.52 

Etch ers arid erig ravers 1 1,964 0.06 

P(^ptpen gravers and Jlthbgraphers .... ..:.:::::::: 52,601'^ 0:26 

^Press and plate printers .::::.::::: : : : ::::::::::::.:::.: 156,'242 o!77 

Other craft and related workers ::::.:....... 1,751,529 8.61 

Blue-collar worker supervisbrs 705,307 3.46 

'^si^^'petrriaker^ ... ..... , . , , , .^ .j^j 28ib2Q 0:14 

Crane, derrjck, and_hoist operators .:.::::::::::: 68,589 0:34 

Food shapers, hand ...::::::::::::::::::::::..:.:...... 4,431 o!o2 

Furniture finishers :::::::::...... 5,'756 ' 0.03 

Heavy eqUlpmerit bperatbr^ 17,052 0.08 

Irispectbrs , 433,530 2:13 

Jewelers andl silversmiths ......::::::::::: 4,373 0.02 

Lens finders ......:.::::::..::::::::::::::....:..... • 8,057 0.04 

tog Inspectors, graders, and scalere 4,701 0.02 

Logging tractbr bperatbrs : . . 13,380 0.07 

Lurriber graders . . 5,614 0:03 

Machine setters, pajDer^oods ... , .......:....:::::::. 9,SS5 0.05 

Machine setters, plastic materials :::::::::::::::.::::;::. 7,415 o!o4 
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Tabje23.-CraftwbrRer Employment and Selected Occu|atlMs.l980 
(All manofactaring Indasirles, wage and salary workers)— Continued 



Occupation 



Number 



Machine setters, woodworking . ; ^ ; : : 5,121 

i-j.ii ......... D.^U** 

Millers -'^ .g 

fetternmakers, wood . , ^ 

Patternmakers, n.e.c 14*389 

Shipfitters ^ . . ' 

Stationary engineers * * 8 107 

Tailors.. . _ 

Testers 
Upholsterers 



104,745 
20,562 
6,802 



UphbtsterY cuUej;s . ^ • ic'xqc 

i i^K^ief^irv/ xAiArkarti ri p n 



UphoLstery workers, n 
Veneer graders 



5,055 



Percent 



0.03 
0.03 
0.03 
0.01 
Q.07 
0:09 
0.04 
0.51 
0.10 
0:03 
0.08 
0.02 



n e c - Not elsewhere classified. - ; -- - 

SOURCE: Burei^Sl^ siSHiZf mPloymen, ^ and Occupation: 1980 and projected 1990 Alternat.ve.. un- 

published dala on wage and salary etmplbymeht. 



MECHANICS, REPAIRERS, AND INSTALLERS 
The spread of programmable autoi^^^ 
increase the jprbpbrtidn and the role of 
mechanics, repairers and inst^LllerjJM 
mantrfaeturihg because it wiU~mc^ase^ates 
of installatibn and levels of use of equipment, 
and because both the risk and cost of produc- 
tioii stoppage due to equipment mdfunetibn 
will grow as production becomes more capital- 
intensive. Though the reUabiHty of individ^ 
pieces of equipment appears to be increasing, 
isblated problems often affect whole systems 
where equipment is integrated. As manufac- 
turers come to depend more bh equipment, 
their need to be able to respbhd quickly to 
problems will grr- Iir many cases, that need 
will be met by **tm owing people at the prob- 
lem," although the need tb db so may decline 
as people learn how tb develbp still better sys^ 
tems. Between 1972 and 1980, data-prpcessing 
machine repairers experienced one bf thelOTg- 
est percentage employment increases among 
all occupations; emplbymerit in this occup^^^ 
tion grew 89.4 percent compared to an avera^ 
f atfe of 19.1 percent. Note, however, tfiat in- 
cfividual MRI occupations account for very 
small prbpbrtidns of industry employment 
(under 2 percent each). Table 26 shows MRI 
employment levels for 1980 across manufac- 
turing industries. 



F^o^ainmable autbmatibn will also have a 
major impact on the typeS of skills required 
of mechanics, repairers, arid installers, imr 
provements in diagnostic technologies md the 
Rowing tendency to replace ra^^^ 
electronic cbmpbnents have lowered the skill 
requirements for many specific diagnostic or 
repair tasks (less skill depth).* On the other 
hand (as was mentioned earlier), tfie eombiha- 
tibri of mechanical, electrical, and electronic 
features that characterizea programmable 
automation makes skiH breadth necessary for 
repair and maintehfimce operatibhs. These op- 
erations are likely to involve mbre, aiid more 
varied, tasks than ar§ enebuhtered in repair 
and maintenance of conventional equipment. 
In some cases^ individuals need broader skills 
than before because mamtehance of auto- 
mated equipment has been added to other 
maintenance work while the number of pd*sqn- 
nel has been kept constant. While individuals 
may need brbader skills, in larger firm^s repm- 
and maintenance personnel may be deployed 
in teams bf persons with different or overlap- 

♦Fbr example, DEC has been deyelopiig t^^^^^^ 
Diagnostic Tool** to enabl&field service personng t^jyagnqse 
eqiUpinentj)r6blems describe by customers over the phone. 
The IDT is based on an expert system^ SecuMartyiL Chase, 
••DEC Says Artificial InteUigence Enabled It T^^ $10 MO- 
libh,** Ameiican Metai Markot/Metalworking News, Apr. 4, 
1983. 
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Table 24.— Operative and Laborer Employment and Selected OccupattonsM 980 
(All manufacturing Industries, wage arid salary workers) 



Occupation- 



Operatives 

Asserhblers ^.^ ...... ^.^^.^^^^ • • • . i . i i i i 

Aircraft sjrycture aHd su^ assemblers 

Clock and watch asemblers. 

Electrical and electronic assemblers ...j, . 

Electromechanical equipment assemblers 

Instrurrierit makers a^ 

Machiiie^ assemblers 

• _ Aij other assemblers 

Bindery operatives 

Laundry, drycleariing, and pressing machine operatives 

Meatcytters and^ b^^^^ 

Metaiworkina operatives.^, ........ T. 

Dip platers, nonejectrolytlc. 

Drill press and boring machine operators 

Electrbplaters ^ 

Furnace chargers . • 

Furnace operators^ cupola^tenders_._._._^^^ _! = . • • • 

Grinding and abrading machine operators, metal . . ./. 
' H^aters,_metal . , 1^ .^i y : 

Lathe machine bperaiors, riietai 

Machine-too! operators, cpmblnatioh 

Machine-tool operators, numerjcal control 

Machine-tool operators, tool-room : : 

Milling and p|ariirig machine operators 

Ppurers, nietal ^. . 

Power brake and bendini machlrie operators, metal . 

Punch press operators, metat 

Weidere and flamecutters 

All other metalworkirig operatives 

Mjne operatives^ n.e.c. . . ... 

Packing and inspecting ppelratives 

Painters, manufactured articles 

Decorators, hand 

Rubbers 

Painters, prbductibn 

Sawyers . . 

Sewers and stitchers 

TiBxtlle operatives . . . . ^. ..: ;^ :^ : . : . 

Trahspbrtatlbn egulpmerit operatives 

_ I n_d u st rial t rue k p pe ratbrs 

Ail other operatives. 

Batch plant operators r 

Bbring machjhe operators, wood 

Coll finishers 

Cutlers, machine 

Cutters, portable machine, . ..... 

Cutter-finisher operators, rubber goods 

cutting machihe operators^ food^: 

Die cutters and clicking machihe bperatbrs 

Flie_rsLgri_nd!^ersLb_uf_fers,^^^^^ 

Furnace operators and tenders, except metal 

MixJhg operatives : : : : : : 

Naiiirig machihe bperatbrs 

Pliers , A? • • ^A- ; -f • t tA- • • • 

P hoto^ raph 1 c_ p roce_ss_ workers 

Power screwdriver operators . . . .. .. . . 

Punch and stamping press operators, except metal . 

Riveters . . ^. • 

Sandb[asters and shbtblasters 

Sanders, wood. : 



Number 


Percent 


0,845,3.10 


43.44 


.1,664,450 


O.IO 


25,353 


0.12 


4,362 


0.02 


232,694 


.1.14 


58,174 


U.2B 


24,681 


0:29 


1 01 ,043 


0.50 


. 1,214,843 


5,97 


77,918 


0.38 


57,132 


0.28 


64,015 


0i3l 


, 1,470,169 


7.22 


12,768 


0.06 


124,232 


0.6.1 


36,013 


0:18 


5,520 


0.03 


16,814 




128,053 


ili.63 


6,473 


0.03 


155,935 


0.77 


167,942 


0.82 


52,627 


Q-26 


38,352 


Q.19 


72,061 


0.35 


15,311 


0.08 


39,877 ^ 


0.20 


182,364 


Q.9Q 


400,629 


1.97 


15,198 


0:07 


9,951 


0.05 


587,631 


2.89 


117,289 


0.58 


4,748 


0.02 


-6,363 


0:03 


106,178 


0.52 


76,728 


0.38 


845,294 


4.15 


378,540 


1.86 


711,195 


' 3:49 


269,105 


: 1.32 


2,788,306 


13.6? 


7,369 


0.04 


4,184 


0.02 


7,422 


0:04 


co,U4o 


U.l*t 


16,472 


0.08- 


7,184 


0.04 


11,692 


0:06 


19,680 


0.10- 


115,680 


0:57 


29,378 


0.14 


48,337 


0.24 


-9,352 


0:05 


22,657 


0.11 


12,439 


0.06 


8,515 


0.04 


5,284 


0.03 


14,161 


0:07 


10,440 


0.05 


20,684 


0.10 
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Table 24.— O^eraUve and Laborer impjoyment and Selected JDccupatl^ 1980 
(Aii manufacturing Industrie, wage and salary workers)— CbhtlnUed 



Occupation 



Nnm ber 



Shaper and rooter operators 

Shear and slitter operators, metal 

Shoemaking rriachj bperatbrs 

W j ndJn g_ oj)e ratj y es , n.e.c 

Wirersf, electronic 

Labdrers, except farm 1 

Cannery wbrkers ... ^ i ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ ^ 

Ppnj^eypr qpe^^ • 

Furnace operators and heater helpers 

Helpers, trades . . ^ . .'. 

Loaders, cars and trucks 

Loaders, tank cars and trucks 

Qff-bearers 

Riggers 

Setters and drawers 

ShakebUt wbrkers, fbuhdry 

Stock handlers , ... : 

Order fillers ^ 

Xlmbercatting and logging workers. , 



Work distributors- 
Laborers, except farm, nMX 



; . 1 



4,666 
30,380 
64,568 
49,157 
_3P,611 
,676,676 
76,066 
31,469 
8,316 
100,752 
5,941 
5,579 
22,499 
16,211 
7,167 
_ 10.580 
104,208 
104,208 
36,104 
16,896 
,104,071 



Percent 



0.02 
0.16 
0:32 
0.24 
0.16 
7.74 
0.37 
0:15 
0.04 
049 

oro3 

0.03 
0.11 
0.08 
0.04 
0.06 
Q;51 
0.51 
0.18 
0.08 
5.42 



n.Bic: - Not elsewhere classified- v _ ' . _ ___ ___ 

SOURCE: Bureau of Labor Statistics, "Ernploymen4 by Iridusf ry arid Occdpatibri. l9B0 and "projected 1990 Alternatives.* 



published data on wage aiid salary employment. 



Sng skills, Stfiough this may result from 
ivork rules established by labor contracts as 
wreH as the changing demands of technology. 

The potential for long-terni growth in jiB^p- 
iute numbers of mechanics, repairers, and in- 
stallers is uncertain. Severaif actors wiH limit 
that growth. Fitgc, where smaH, stahd-idohe 
?y?^_™is_??®]^^®^» vendors or existing mainte- 
lance persohhel are likely to repair the hew 
squipment. For example, a producer of shbe^ 
Sahufacturing thaehihery whb~ihstalled a 
single welding robot in ah old facility simply 
brained ita existing eJectriciah to repair the 
robot.* Where installatibhs involve a lot of 
Kjuiprheht, especially if integrated^ new main- 
tehahce personnel may be added. One automq- 
iile rnahufacturer, for example, took on sev- 
eral hew repair persbmiel to service an auto- 
mated welding system.*® 

The fact that mora hardware may be used 
For a given amount bf mahuf acttirih^ implies 
^hat more maintenance personnel will be 
leeded, but experience suggests that for each 

♦OTA site visit.' 
*»OTA case study. 



^ user there is a threshold level of new equip- 
ment t hatr^nus t be attained before new per- 
sdnnel are hired. That Wei v^aries substantial- 
ly kmong companies and industries. Also, 
automation of diagnostic rad rep^^ proce- 
dur es^red uces the amount of Sagijosis and re- 
developments^ and related 
trends such as ^bwtfi in service hbt-lihes and 
equipment communications links, will dampen 
the potential growth in maintiBhahce persoh- 
hel. Finally, cbraputerisatibn ^heraJQy carries 
with it hew heeds for maihtehahce bf software, 
although this work has typically b^h done by 
people classified as "data-processing prcfes- 
sibhals," rather than prbductibn wbrkers. 

One development in particular that may 
curb employment ^bwth for raechahics, re- 
pairers, and installers is equipment and sys- 
tem insurance. Gbrhpahies may choose tb in- 
sure against the lbss (bf equipment and/or 
pf 6fit) associated with a breakdown as an 
alternative to prbteclihg against that loss by 
employihg a lot of machinists or repairmen. 
There is evidence that some companies have 
been making silch a choice whUe using conven- 
tibhal equipment; the number of losses re- 
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Table 25."-Trade-Serisltive Employment 



Input-Output class^ Industry descriptibh 



Net trade-related job 
opportunities 



Change in net trade-related job- - 
bppbrluriilies bejweeh 1964 and 1975 



1964 



1975 



Total 



Direct 



Indirect 



The 20 industries In whTch job opporluhiUes Were mosf 

1804 A p p ar e J , P u rc H a sed . 

5903 Mato_r_vehl.cJe_s and_part.s 

3701 Furnaces, steel products 

• 3402 Ndnrubber footwear.". 

6105 Mbtbrcycles, bicycles, Jnd parts 

5601 Radip and_ te^^^^^^ 

teb.t B road wove n f ab ric m i 1 1 s 

3202 Bubber footwear. 

3101 Petroleum refining 

2307 Furrijture arid fixtures, n.e.c 

51 04 Of Li ce macH tneSj _n.e,c. 

3403 Other leather products.. 

5701 Electron tubes , : 

1802 Knit apparej rriijls . . . . ^. . . ^ 

.2801 Plastic materials and resins 

4802 Textije.machinery. . _ 

1903 Fabricated textiles^ n.e.a 

4701 Machine tools, metal^cutting types. ::::::: 

2201 Wbbd hbusehbld furnitui'e 

3201 Tires and inner tubes 



adversely, affecled by trade 



-41,569 
12,256 
10,055 
-8,570 
^7,150 
-5,581 
-22,688 
-4,601 
-2,190 
-3,101 
-700 
-7,337 
- 359 
-3,186 
9,923 
4,325 
4.149 
9,333 
-96 
1,722 



-144,932 
-63,939 
-36,447 
-46,315 
-29,817 
-25,986 
-40,815 
-15,292 
-I2i395 
-13,094 

- 9,235 
-15,647 

-7;443 
-9,946 

3,531 
-1,805 
-1,714 

3.553 
-5,242 

- 3,357 



between W64 
-103,363 
-76,195 
-46,502 
-37,745 
- 22,667 
-20,405 
-18,127 
-10,691 
-10,205 

- 9,993 

- 8,535 
-8,310 
-7,302 
-6,760 
-6,392 
-6,130 
-5,863 
-5,330 
-5,146 

- 5,079 



arid 1d75 
- 87,048 

j -54,29? 
-32,825 
-36,790 
-19,980 
-19,098 
7,810 
-10,377 
-9,843 

- 9,933 

- 8,32? 
-7,898 

1,022 
0 

-5,493 
-5,519 
-1,709 
-6,161 
1,324 

- 3,882 



-16,315. 
-21,896 
-13,677 
^95Z 
-2,687 
-1,307 
-25,937 
-314 
-362 
-66 
-206 
-412 
- 3,324 
-6,760 
-899 
-611 
-4,154 
- 331 
-6.470 
-1.197 



The 20 industries in which Job opportunities were most 

6001 Aircraft.,^. 

6004 Aircraft equipment, n.e.c 

5101 Computing machines 

2001 Logging r 

4503 Oil fie(d niachinery . . . . : 

4501 Const rucl ion. rnach inery 

5301 Electric measuring instruments. 

2002 SawmiUs and planing milts: 

6002 Aircraft erigiries arid parts 

2402 Paper mM Is . , . ... . . . . 

4806 Specjai _indu_strlal_ machines 

4901 Pximps and compressors 

5304 Motors and generators 

5503 VViririg devices....^... 

5703 Elect rpnic com ponent s . 

5702 Se mJ CO nd u c ti5 rs , _. ^ ^ *f 

2006 Veneer' and plywood 

4006 Fabricated plate work 

5203 Refrigeratbr riiachiries^ 

5000 Machine shop products. • • ■ • 



favorably af^cted by trade 
22,633 76,683 



33,246 
16,133- 
-T7,'967^ 
6,4i0 
30,094 
.4,897 
-31,566 
15,769 
- 23,444 
11,738 
7,711 
* 9,244 
■'4,351 
15,371 
4,984 
-13,734 
6,664 
5,932 
12,128 



78,542 
54,666 
8,278 
26,915 
47,720 
17,671 

-19,372 
26,201 

- 13,154 
21,392 
17,006 
16,473 
11,458 
21,990 
11,182 

-7,669 
11,926 
11,120 
17,204 



between 1964 
54,050 
45.296 
33,483 
26,245 
20,505 
17,626 
J2,774 
12,194 
10,432 
10,290 
9,654 
9,295 
7,229 
7,107 
6,619 
6,1?8 
6,065 
5,262 
5,188 
5,076 



and 1975 
48,104 
19,507 
32,544 
13,785 
19,313 
16,267 
11,671 
10,021 
3,812 
9,518 
9,134 
7,598 
5,267 
4,440 
5,138 
4,?61 
4,806 
4,401 
6,154 
1,612 



6.036 
25.789 
5.939 
12.460 
1.192 
1,359 
1J03 
2,173 
6.618 
772 
520 
^697 
.962 
2.667 
1.481 
1.237 
1,259 
361 
-966 
3.464 



^The coKcordance 5etweeri-L-0 (Input-output table) classHlcatidris arid staridara Iriaustfiai classlflcatlbris is pu&Hshed In Survdy of Current Business, February 1974. 

n.e c = Not elsewhere classified 

SOURCE Gregory K. Schbepfle. • Irriports and Ddrnestic Eniplbyrnent: Iderililying Affected Industries,** Monthly Labor Review , August 1982^ 



corded by insurers that are attributed to in- 
adequate main tenance is growing. Historical- 
ly, U.S. casualty and property insurers have 
refused to insure computers £md coraputem^ 
equipment. However^ Kemper hM r^ecently de- 
cided to cover such equipnient under its boiler 
and machineiy program, and other insurance 
companies are expected to follow suit;^' Mean- 



*'Bdb Nielsen, Kemper Insurance, personal cdmmunicatron, 
November 1983. 



while, the Arnerican press hasj;reat^ of- 
ferinjg of ''robot insm-ance" in Japan as an 
oddity. 

OTHER CATEGORIES 

The remaining categories o^ production and 
related wdrkers^metidwdrking and other craft- 
workers, operatives, and laborers—are to vaiy- 
ing degrees likely to experience displacement 
due to programmable automation, other 
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Table 26.— Empldynieht of Mechanics and Related Persdhnel, 19S0 



All 

mariufacturinS 



MetalworkinS. 
^3chln6ry and 
equipment 



Office _corn0Mting 
andaccounting 
machines 



Electrical 
jMustriai 
apparatus 



Electro [iJc___ 

comRaQenl5_and 
accessories 



Molcir.v.eMcies 
and equipment 



Aircraft 
and parts 



MRI* arid cbhstructlbri craftwbrkers 991,615 4.9% . 7,292 2.0% 19,097 4.4% 8,666 3.6% 

Eiectriclans 125,001 0.6% 1,955 0.5% 813 0.2% j 1,45f 

Data-processing machine mechanics .... 18,050 0.09% NA 14^296 3.32% llT 

Instrument repairers. 22,537 0.1% NA NA NA NA 172 

Maintonance repairers, general utiilly 181,851 0.9% 1,642 0.4% 1^28 0.4% i,552 

Electric motor repairer 1,578 0.01% — • — 1,073 

Beci r i ca i i hstrum erit tbokepalrer . . . . . . . 2,979 D.&1% — — 134 



14,976 2.7Vi .44,497 



J3.6% 
0.08% 
0.07% 
0.7 % 
0.5% 
0.06% 



1,762 
312 
285 

4,378 
151 

1,326 



0.3% 

0.06% 

0.05% 

0.8% 

0.03% 

0.24% 



9,268 
' NA 
319 
V22 



5.8% 


40,190 


6.1% 


1.2% 


3.597 


0.6% 


NA 


382 


0.06% 


0.04% 


2,149 


0.3% 


0.3% 


1,598 


0.2% 



?MRI - -Mechanics, repalrera, arid IristailQrs; 

NA Np^aya^.labJe. 

NOTE: Percentages have been rounded^ 

SOURCE: Bureau of Labor Statistics, "Employment by Industry and Occupation, 1980 and Projected 1990," unpublished data on wage and:aalary empioymeni. 
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, things being egual. This group, which domi- 
nates mMuf acturing employmen numbered 
over 12 million in 1980. 

There are lib simple rules about how automa- 
tion displaces prbductibh workers; however, 
it is cle^ that as Ibhg as prbductibh vblume 
is constant and autbmatibh imprbves prbduc- 
tivity {or as long as volume grbws significantly 
less than productivity), it will displace produc- 
tion jobs. By design, such imidyatibhs as auto- 
mated controls, the use of robots aiid other 
manipulators to load and unload machines, 
flexible fixture are replaced or ad- 

justed less often than conventional ones), the 
Unking of automated production and materi- 
als handling eqm^ and the 
use of computers J:o regulate the flow of ma- 
terials and work-in-process will: 1) reduce the 
amount rad type of hxunan actiy^^ required 
in fay given operation, and 2) decrease the 
number of worfcers required to perf onn a given 
ambuht of work: Bobots, for example, are cur- 
rently hot faster than people for most applica- 
tibhs^ but they may be rnbre consistent, per- 
forrhihg with fewer errors over time and tak- 
ihg less lii le to achieve a given level of quaKty. 

In practice, the jpqtential for displacement 
will vary enoraiously by application and facili- 
te-i^'^^sqrae applications, one "pparator" may 
bejieeded at^ne macWne; for others, one per- 
son may tend several machines, lii many 
cases^ the linking of activities by automated 
materials hahdKhg (robotic or other) 
reduce the labor ebmpbheht fbr setup; both 
trends wiU increase the machihe-tb-persbh 
ratib. 



Thrdughbut this decade, techhblbgical lini- 
itatibhs (particularly in the areas of sensors 
and interfaces) are likely tb restrict the tasks 
in which PA may be Used, and ecbhbmic cbh- 
sideratidns will continue to moderate the rate 
of diffusion and the extent to which products 
and processes are redesigned. Lodkihg toward 
the ftiture, no case-by-case evaluatidn df oc- 
cupations can convey the potential for dis- 
placement implied by the integration df man- 
ufacfeuriiig eqtupment and because it 

csumot capture a^^ of the indirect impacts on 
stjrffing. Experience w^^ highly integrated 
systems is quite limited, andjt shows that ini- 
tial applications using ciiiTent teclmoiogy re- 
quire more labor than had been anticipated. 
The employment effects of KgUy integrated 
systems are not likely to be sigmficffltit until 
at least the 1996's, mid <^veh then otc likely 
tb remain ebhcehtrated in chejchachihefy ethd 
trahspbrtatibh equipment industries. 

_ The problems ingaugihg displaceiheht from 
PA bverall can be illustrated by examihihg the 
cases of welders and flamecutte padhters, 
and machimste.__W^ and flamecutters 
numbered 400,629 (l,97_perceht of manufac- 
turing empldymeht) in 1980^ and prbductioii 
painters numbered 106,178 (0.52 percent). 
Table 27 shdws their distribution across se- 
lect^ metalwdrking industries. WMle automa- 
tic welding machines have been available for 
some time, interest in using robots for Welding 
spray painting was a^maj or factor in the 
commerdafization of rofcwt technology; A prin- 
cipal motivation for these robot ^plications, 
in addition to the prospect of lower labor costs, 



25-452 O 



Table 27.— Distribution of FlamecUtters, Welders, and Production Paintors 
In the Metal Working Indastrles, 1980 

Welders, and 

flamecutters Prodaction painters 

Number Percent Number Percent 

M manu^acturi^^ . . 400,629 2.0% 106.178 0.5% 

MetaLworking machlnery and equipment . . 6,562 1.8 1,284 0:4 

Office, computing^ and accoanting machines 2,094 0.5 1,172 0.3 

Electricalihdustrial^appa^^ -^ii- • 3,872 1.6 1,195 0.6 

Electronic cbrnpdhehts and accessories . . 2,405 0.4 i,229 012 

Motor vejijcies jind equipment 41,159 5.3 13,556 t.8 

Aircraft and parts ...................... 6.193 0:9 4,295 p;7 _ 

NOTE: Percftntagea have beon rounddd. _ _ ' / 

SOURCE: BMreau or ubor SlstJMc^ by (nduotry and Occupation, 1980 and Projected 1990," unpublished data 

on wage and salary employment. j 

Hd / ^ 
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was the eliimnatibn of pa^icularly unpleasant 
and hazardous work. 

It is easier to gauge displacement potential 
for these occupations than for others because 
the source of displacement appears limited to 
-a-singte automation technology, robpts^ How- 
ever, all welders and production painters are 
not aUke. Those whose work is most mpndt^ 
nous and unpleasant are most likely to be dis- 
placed, other thin^ being equal; that category 
includes spot welders and spray painters in the 
auto industry. By contrast, it is less applicable 
to welders in the aircraft industry, who are 
more Hkely to do arc welding. Although sen- 
sor and rhachihe vision adveaices will make^c 
welding increasingly susceptible to TOtoma- 
tion during this decade, it is not clefflr whether 
automated welding will ever be of sufficteht- 
ly high quality to displace large proportions 
of these workers. Also, because niucji arc weld- 
ing is hot done iii a mass-production context 
Uike automotive spot weldingh human per- 
forrnance may be more economical in many 
cases. 

Even with automation of welding and paint- 
ing, huroah input is stiU required for setup, 
^ supervision, inspection, adjustment, and/or re- 
/ touching, because of the shratcomtogs of auto- 
mated equipment. Painting is easi^ to auto- 
mate than welding because it is easier to cop- 
trbl the quality of the work. Improvement in 
automated inspection systems is likely to re- 
duce, but not eliminate, the labor component 
needed for supervision, inspection, adjustment 
—and therefore retouching— by the 1990's. 
The tJpiohn Institute robotics study con- 
cluded thatlS to 20 percent of welding jobs 
and 27 to 37 percent of paihtmg jobs injihe 
—auto industry (3 to 6 percent and 7 to 12 per- 
cent, respectively, for jobs in all other man- 
ufacturing industries) could be displaced by 
robots by 1990; Ayres and Miller estimated 
that between about 93.000 and leMBO weld- 
ers and between about 35.000 and 52.000 
painters could eventually be displaced by ro- 
bots, depending on the level of sopKsticatioh.^* 



^''Hantajnd Hunt, op. cit.iand Robert U, Ayres and Steven 
; Miller, "Robotics,. CAM, and Industrial fh-oductivity, ' mtion- 
a] Prdductivity Review, winter 198M982. 



The displacement potential for tnacHinists 
is mucfi less clear-cut. There were 197.849 
machinisJbs (0.97 percent of mpiufacturing) 
employedin mahufactuiin^ ' 
to 0ES. BLS recently addressed the question 
of machinist empldymerit, drawing on Cxirrent 
Population Survey (CPS) as the ricliest data 
source for this puipose.^® According to the 
CPS, which also provides dets^ed da^ 
other skilled and operative machicuhg bceupa- 
tibhs. there were 567^000 machinists in 198D; 
there were 834.000 tqtd sl^ 
ers, including machinists, job and die setters^ 
and tool and die makers. j 

While NC machining can do some tasks that 
are beyond the capabilities of jjeople worto 
with conventional machine tools^ a jmncipal 
motivation in the develbptnent and spread of 
NC equipment has been alleged shortages of 
machijddsts. who are highly skilled, well-paid 
craftsmen. Between 1972and 1980. CPS data 
show that machinist employment rose by 
190.000.. while employment in other skilled 
machining occupations fell. For puipba^es of 
comparison with other bccupatidnal statistics 
presented in this chapter, table 28 presents 
machinist employment levels in several met- 
alworking industries according to OES data. 

The proportion (and number) of skilled ma- 
chinists is likejy to faH iir the long term be- 
cause of Rowing use of NC technblb^, espe- 
cially am^g smaller firms, and because of con- 
straints on supply^ This wiU happen because 
in some cases NC allows less skilled people to 
substitute for skilled jbiirneyman machmists 
in operating and/br programing machine tools. 

One major response frnm managemexit to 
the skiHs shortage has been to de-skill the 
work, the jburneyiriah once h^dled him 
In effect, one jojj^is broken down into its vari- 
ous elements and then distributed among 
workers who are able to learn these smaller 
tasks," , 
Meanwhile, entry into skiUed machinist jobs 
is limited by the need for a l^gthy skfll- 
acquisition process (apprenticeships, for exam- 

^•Neal H. Rosenthal, "Shortages of Machiniats: An Evalua* 
tion of the Information/* Monthly Labor Bevfe«v July 1^82. 

"Daniei D. Cook and_Jo_hn S. McCIenaheh, '*Sk^ Worker 
Nears Extinction/* Industry Week, Aug. 29, 1977. 
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Table 28.^Machinist Employment, 1980 



Machinists 



Machine toiDlsetters, 
metalworking 



ToGl^ad-dle-rMkers- 



Number 



Percent 



Number 



Percent 



Number 



Percent _ 



All manufacturing.. ._. ,^ . , . , , , , 197,849 1.0 55,312 Q.3 

Metalworking machinery and eqaipment: ; ;; . 19,l8J 5:2 3,112 0.8 

Office, computing, and accounting machines 1,987 0.5 1,063 0.3 

^^^'^^'''^^l industrial apparatus . .....^ 2,701 1.1 1,63d 0.7 

Elect ro ni c c qnn pgrie njs and accessd ri es 4,108 0.7 708 0. t 

Motor vehicles and accessories 2,468 0.3 9,993 1:3 

Aircraft and parts ::.:::::::::.::.:.:::: : : : 7,251 i;! 4,738 0.7 



158,586 
.42,356 
1,849 
2,638 
3,599 
11,811 



0.8 
11.4 
0.4 
1.1 
0.6 
1:5 



B,244 1.0 



NOTE: Percentages have been rounded. ; 

SOURCE: Eiureau of Labor Statistics. "Ernfjlbyment by Industry and Dec up at I on, 1980 and Prbjbcied 1990," unpublished data on wage and salary emplbyrnent. 



pie, usually last 4 yearsj.* Consequently^ al- 
thbugH the need for highly trained machinists 
varies among firms ahdJhdustries^it is likely 
^|hat the overall level of metalworking skills 
^ill drop because machinists are among the 
most skilled of metalworking craftsmen. 



At least in Jihe short term, however, in- 
• creases in defense expenditures will certainly 
lead to shortages of machinists— which wiH in 
turn spur the introduction of NG. A recent 
study performed by Bata Resources^ Inc., for 
the U.S. Department of Defense, forecasts 
shortages of machinists and other metalwork- 
ing personnel by 1987: It concludes that de* 
fense expenditures will account for almost 60 
percent of the grQ"v^h iri rriachiiiist demand be- 
tween 1981 and 1987 (compared to a defense 
shariB of 120 percent for assembler-demand 
growth and 87'percent of metalworking oper- 
ative demand growth).*' While that study does 
not appear to account for metalworking. tech- 
nology changes, and may therefore overstate 
the potential for s^hortages, it underscores the 
importance ofproduction volume as a major 
influence in employment opportunities. One 



♦Surveys show that industry efforts to increase machinist 
•''Upply have bee_n iimiteci. According^ to one: "In some areas, 
it apparently is not a scarcity of journeymen but the price tag 
they bear— and industry's willingness to meatit— which effec- 
tively results in a skills shortage: " See Daniel D. Cook and John 
S. McClehaheh. "Skilled Worker Nears Extinction." Industry 

Trades: Employment Issues in the Precision Metalworking In- 
dus try. "ropoft of a survey contacted for Sentry insarance on 
behalf of the Task Force bh the Skilled Trades Shortage by 
Louis Harris and Assocjates. Inc., November 1982. 
_ '^'Haiph M. Doggett. "Regional Forecasts of Ind^ Base 
Manpower Demand. 1981 to 1987," prepared for the Office of 
theXJhder Secretary of Defense for Research arid Ehgiheerihg 
by Data Resources, Inc., March 1983. 



reason Jbehind the belief in a machimat short- 
age is the eycKcal natiare of machinist demand; 
the uhevehriesS in metalworking product de- 
rnahd, espmally that which is associated with 
defense spending, tends to place employers in 
a hiring position when derria©d surges. 

Two groups of relatively low-slaUe^ 
tion workers, materials handlers and assem- 
blers, may be quite vulnerable to displacement 
in the long run, Vanous forms of atttomated 
materials handling, robots, and automated stor- 
age and retrieval systems (AS/RS) can substi- 
tute for such materials handlers as conveyor 
operators; crane, derrick, and hoist operators; 
and mdustrial truck operators. Manufacturing 
employ rnerit in these categories totaled 370,000- 
in 1980. For ekample, central control cbrnput- 
ers for automatic 'guided vehicle sy sterns can 
monitor location, load, and obstacles, and 
issue commands to vehicles in response to 
problems. PA can also r^lace people who 
manually load, imload, and transfer materials. 
F^__^^pJ?»_i? ^l^siics processing, robots 
perform such tasks^as lifting, tilting, testing, 
positioning, aligning, and transferring items; 
loading and unloading rnachines| and handl- 
ing and orienting finished parts. Materi^s 
handling employment wiH also be affected by 
procedural ehanges,^ such as adoption of "just- 
in-time" delivery of supplies; the use of man- 
ufacturing resources planning JMRP) and 
other systems to rationfdize the flow and use 
of materials; and otner measures to reduce 
inventories. 

The biggest changes in materials handler 
employment, at least in the near term, will 
come in large establishmehts. targe finhs and 



151 



138 • Computerized Manu facMrn^^ EmploymBnt, Education, and the Workplace 




,Photc credit: Cincinnati Wiacron, The. 

Automated rhaterials handling, storage, and retrieval, 
with autbrriated guided vehicles 



plants are more able and likefy tb- install 
AS/RS, can most easity implenaent MRP, and 
are more likely to link automated materials 
handling to jjroduction activities.* Materials 
handling robot applications are more practical 
for a wide r&nge of firm sizes and industries, 
but are relatively liimted at present (see ch. 
3). Also^ even where jptoduetion is highly au- 
tomated, labor is used for the initial input 
sm^or final removal of materias from the sys- 
tem or the IrMsfer frbm one stage to another, 
in contemplating flexible mantif actiiring sys^ 
terns, for example, it can be misleading to look 
only at the automated operations instead of 
the entire production process. 

Assemblers perform tasks that range from 
the insertion of electrbnie ebmpbnents into cir- 



♦Ohe gauge of potential changes in materiais handling (es- 
pecjaliy for .larger facilities) is the experience of food 
warehousers, many ofwhich have inxplemehted AS/RS: For ex- 
ample,' B. Green & Co., a Baltimore fu|lJme fo<Ml^w 
hoped to triple its business by opemng a new $22 milHgn Mnu^^ 
automated warehouse and consolidating activities presently 
conducted at several locations. The company expected to lay 
off Jdjoat 60 workers, mostoLtMm part-time. ^Jby^^ 
**60 Workers Lose Out to Automation," the News Amencan, 
March 1983. 



cuit Boards to building aircraft. In 1980, there 
* were ]ft661,150 (8.16 percent of manufactur- 
ing) assemblers in manufacturing. Table 29 
shbws their distribution aordss sel^t^ metal- 
working industries. The degree of complexi- 
ty and margin for error of specific assembly 
tasks govern their ease of automatiqn.^nsor 
and machine vision technologies caniniprov^ 
the precision and consistency^ of Euitom 
sembk^ equipment, and assembly appKcaUbha 
of robots are expected to grow by the end of 
this decade. For exangple, the Upjbhh Insti- 
tute estimated that robots could displace 1 to 
3 percent of assemblers by 1996 (including 5 
to lb percent of rato-industry assemblers); 
Ajrres imd MUler estimated that rbbbts cbuld 
tdtimately di^lace between ah Jut 132,000 and 
396,000 assemblers, depending bn^b^indldg- 
ical sophistication,'' in metaiwbrking indus- 
tries.*^ 

- - 1 

The vulnerabiUty of assemblers to displace- 
ment varies substantially by product type. For 
example, with romiaturization many el^- 
trdnics products cannot be assembled (or iiv 
spected) adequately by people. Alsb, many 
electronics products must be assernbled in 
sterile environments where managers aim td 
minimize aK sburc^s bf cbntaminants, includ- 
ing those naturally conveyed by pedple^ In 
these cases, special equipment, ndt^necessarily 
prbgrraimable, may be designed td do assem- 
bly and ihspectibn work. Improvements in 

"Hunt and Hunt, op. cit.; and Ayres and Miller, bp. cit. 

Tabje 29.~Emplbyment bt Assemble Selected 
ManQfacturing Industries, 1980 

tsiumber Percent 

All Indostries..^...; 1,661,201 TW/o 

AH manufacturlhg 1 .661 ,150 8.2 

MetalworRIng machinery arid ' 

equipment , , . • 24.779 6:7 

bfflce,^ computing, and accounting 

- machines 85,714 19.9 

Electrical Iridustrlal apparatus : : . . . 50,987 21.4 

Electronic corriporierits arid 

aaaes^orles 169,759 30:4 

ftjiotor vehicies and equlprrient iZ5,?22 22.7 

Aircraft a ti d -parts :,::.:.. 64,1 26 9.8 

NOTE: PercontaOea have been rpundod, 

SOURCE: Bureau^ Cabof Stall attes. "Emplpymem by 4ndu8try and O^^^^ 

1980 and Prolected 1990/' unpubHahod data on wage and salary 

employment. 




ERIC 



ograrhmabre Automa Udh oh EtfipTdymeht • 739 




140 • Computerized Manufacturing Auiomaiion: Employm eht, Education, and tfie Workplace 



product design, bfteh associated with the 
adbptibh of PA, will also reduce the amount 
of (or at least simplify) assembly work needed 
iji manufacturing. For example, GE invested 
$38 millibh in a Wghly automated dishwasher 
factbiy arid redesigned the products, reducing 
the riiiriiber of different parts handled from 
3,000 tb 800." 

NoteThat inspectors may be affS^ted by sim- 
ilar developments as assemblers, including im- 
prbverhehts in _sehsbr techriblbgy. In 1980 
there were 433,530 rhahufacturirig inspectors 
(2.13 percent of mariufactufirig). Table 30 
shbws the distribution of inspectors in selected 
metal wbrking industries. Mariy observers be- 
lieve that the role arid number of inspectors 
and other quality-control personnel will dimin- 
ish as cbriipariies move from end-of-the-line 
qufiOity-cdritrdl inspection to in-line quality 
assurarice. This will often happen as a conse- 
quence or corollary of automating.^ At least one 
compariy, for example, of fe^s statis tied proc- 
ess-control software in conjunction with its 
line of robots. General Motors, for example, 
expects that a combination of statistical proc- 
ess control, just-in-time sujpply scheduling, 
and other measures will substantially reduce 
the amount of receiving wbrk in its hew 
"Buick Gity'' cbmplex.^^ 

^M^ruce Vcrny!. "Autojnated Dishwash_er_ Plant Opens." 
Americiin Metal Murket/Metaiworkin^ News, May 2, 1983._ 

"Al Wnglc?y, *TiM Awards Buick City Contract toPri)^es- 
sivG,' '^Xmerican Metal/MetalwbrkJng News. Aug. 15, 1983: 



Table 30.— Emplbyrrierit of inspectors, 1980 

^ Number Percent 



All indostries ; : . 471,984 0.5% 

All rriariu fact bring 433,530 2.1 



Metalworking rriachihery arid 

/ equipment v- -^ ■ 5,781 1.6 
/Office, computing, and accounting 

/ - machinery : : : : : : : 12.991 3.0 

Electrical industrial apparatus : : : : : 6.744 2,8 

Electronic cornpbhehis arid — 

accesso rj e_s_ . _. . . _. ?2.Ci72 4.0 

Mooter vehicles and equipment 38.769 5.0 

A i rc raH-and-partS-^ ; 28.914 AA_ 



NOTE: Percentages have been rounded. 



SOURCE: Bureau of Labor StaiisUGS. •Emplbyfrierit iiy lDdustry ahdO^upalion: 
•1980 aria P/ojected 1990;; unpublished data on wage and salary 
employmer.'. 



Finally^ _soip? productLbn jobs may 
emerge as an indirect result of chadnges ih prb^ 
duction processes and/or organizational proce- 
dures associated with PA. For example, when 
an auto manufacturer introduced a rhiilti-rbbbt 
spbt-weldihg system, it began tb produce 
major auto-body parts with cbrrespbndirig 
notches add tabs which are cbnn^ted prior to 
automated welding by an indi^aduaI bri the 
line; this hew jbb is called /*tby-tabbirig." At 
ah mrcraft riiariufactiifer, the introduction of 
ah autbmated riloriitdririg systerii for ari auto- 
mated machine shop was accdriipariied by the 
ihtrbductibh bf rehef operators, a group of in- 
dividuals who substitute temporarily for full- 
time staff." In sprile cases, these new jobs may 
be trarisierit, reflecting the requirements of a 
^veri level of automation, while in other cases 
they may be long-term, reflecting endurmg 
changes in production processes^ (Transte^^ 
skill requirements are discussed more^H^ 
a later section of the chapter.) in any event, 
these are jobs that are most likely to be filled 
through the transfer and retrainihg of existing 
personnel. Thec^eation bf new jobs isperhaps 
the hardest employment impact tb forecast. 

Glerical Workers 



CURRENT EMPLOYMENT TRENDS 

Clerical workers in manufacturing industries 
perform a variety of functions in both bffice 
and plant settings. Across manufaeturihg in- 
dustries^ 2,322,400 (11.5 percent) were! em- 
ployed in clerical positions in 1980; 2^215,334 
(11.8 percent) were so employed in 1982, when 
economy-wide dericcQ emplbymeht was over 
18.7 million i26 percent bf tbtal eriiplbjmierit). 
Now, manufacturing techriblbgies will affect 
both bffice and plant clerical wbrkers, arid the 
growing use bf bffice automatibri will reinforce 
the displacing effects bf PA in mariufacturing. 
Table 31 sKbws the distributibri bf potential- 
ly vulnerable bffice arid plant clerical occupa- 
tibhs in selected riietalworkirig industries. 

Past ^owth in clerical empJbs^eht iri riiari- 
ufactunng, as in the rest bf the ecbribriiy, has 
reflected a substantial grbwth iri cbriipariy de^ 

"OTA case studies. 
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Table 31.— Clerical Employment, 1980 

Metalvvorkihg. Office, cdmputihg, 

machinery arid arid accburitirig ElectHcat industHai 

^ All industries All manofaclDrlng gqulpmem machiries - - apparatus 

0"'Cfl.machine operate 9t2.7QB im 147.499 0:7% 2.311 ■ 0.6% 6.762 Vw, U04 0.7% 

Computer operators 184.245 0:2 36.945 D.2 676 0.2 3!l7q 0.7 NA na 

Order clerks 242.547 D.3 68.604 0.3 927 0.3 ■ 919 0.2 1.021 0 4 

Payroll and llmekeepirig clerks 177.785 0.2 60.412 0,3 1.104 0.3 870 0.2 '668 0 3 

Personnel Clerks ^ 94.829 0.1. 25.376 " 0.1 366 • 0.1 873 0:2 305 0^1 

clerks : _40,274 0.04 24,551 0:1 560 0.2 1.D35 0.2 462 0 2 

Production clerks.. ,...,... ; 200.029 0.2 139.947 0.7 2,910 0.8 7.121 1.7 2.889 .1 2 

Shipping arid receiving clerks 389.218 0,4 146,036 (j,7 1.908 0,5 2.118 0.5 _l!409 0*6 

StMkrodrri and warehouse clerks ... . 818.435 0.9 151.043 0.7 4.469 1.2 6.806 1.6 2!968 1 3 

M MCi) 18.521.980 20.0 • 2.297.379 11.3 — 40;429 — W^O"^ "IJ&J- 28^213 11j_ 

NOTE: Percentages have been rourded. 

SOURCE Bureau ol Labor Statistics. "Employment {)y tndusiry and Occupation. 1930 and Projected 1990 Atlematives." urpu&lishea eata fir wage ana salary employmerii. 
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accessories 



Motor yeWcles and 
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Aircraft and parts 



3.302 
1.140 
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1.029 
734 
1.160 
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488 
4.778 
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5.187 
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0.1 1.142 
0:i 1.281 
0.2 ^1.558 
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0.7 
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.1.882 
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1d.333_ 
90.760 



1.0% 
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maiid for informatidn collection and process- 
ihg, growth that has been facilitated by early 
uses of computers and office automation. Note 
that the continued presence of large numbers 
of keypunch operators attests to the slowness 
with which companies make major changes in 
data-handling and data-processing systems, 
especially those that represent major invest- 
ments in hardware. 



PROJECTED EMPLOYMENT IMPACTS 

Progf ammable automation will^affect cleri- 
cal employment by computerizing the * 'paper 
trair* that follows materials and work-in- 
process through production: This is a direct 
outcome of the data-aggregating function of 
PA systems^ which relate all types of tasks, 
from design through shipment, tda mahufac- 
turing database. Indeed, the Air Force ICAM 
pro-am targets such functions as planning, 
scheduling, and other indirect or rioriproduction 
functions, which underlie much production 
cierk employment, as principal candidates for 
automation. The developrneht and storage of 
product pLans through cprnputer-aided design, 
the direct linkage of C AD to prdduction equip- 
rneht^ and the computerization of plaimiiig, 
ordering, pmrchasing, billing, and inventory 
cpntrbl will all act to reduce the demand for 
clerical services and personnel. 

— eieric^— ernployment-us-Jtndst--likelyJ_to 
change, at least in the hear term, among larger 
firms because they are quicker to adopt com- 
puterized inventory arid planning systems, 
and because they have greater information- 
flow needs arid problems. For example^ the Lit- 
ton Offici Product Center installed an auto- 
riiated system for order entry, inventory 
checking, receivable monitoring, and billing 
which cut time for these activities by 75 per- 
cerit.^^ Larger firms are^so. more likely to 
adopt sophisticated automated materials han- 
dling systems and AS/RS, which is Jtxiost eco- 
nomical in Jarger installations. Finally, reduc- 
tions in company work forces as well as auto- 
mated recordkeeping may affect personnel arid 

'''' Paul Gillin, "Last Piece of Autdmatidh Puzzle Fits for 
Firm. ' CompQterworld. Dec. 5. 1983. 



payroll clerk employ merit. Of all occupational 
groups, prbductioh clerks, together with such 
other intermediaries as stockchasers and ex- 
pediters, rank arridrig the most likely to dimin- 
ish in size with exterisive automation and com- 
puter-iritegratibri. 

Managers 

Managers plan, organize, direct, and control 
various fuhctidris withiri finris. They may also 
do work siiriilar to that of their subordinates. 

CURRENT EMPtOYMENt TRENDS 
In 1980, there were 1,328,160 ^riiariagers arid 
officers across the manufacturirig sector, ac- 
counting for 5,58 percent of rriariufactufirig 
employment. In 1982^ there were 1,260,062 
(6.7 percent). Nationally, eriiployirient of man- 
agerial personnel has beeri growing in all eco- 
nomic sectors, even dUririg the recent reces- 
sions.* There were about 7.7 million managsrs. 
officials, arid proprietors in 1982 nationwide. 
Lower level mariagers include "nqnworking'' 
or "blue collar" supervisors and clencdi super- ^ 
visors, who are counted with production and 
clerical workers, respectively. There were 
705,307 (3.46 percent) blue collar supervisors 
and 66,841 (6.33 percent) clerical supervisors 
in manufacturing in^l980. Table 32 shows the 
distribution of managerial -and-super-visory 
personnel in_the„machrn[ery_a^^ 
equipment industries. 

PROJECTED EMPLOYMENT IMPAetS^ 
Programmable automation^^Adll dter the mix 
arid number of naanagerial personnel. It will 
probably support growth in upper manage- 
ment ranks, for three reasons. First, tKe^ in- 
tegration of^dat abases ^d anticipated sidfts 
in decisionmaking toward higher staff levels 
will increase the role of upper mariagerrierit iri 
the production process. The push-for scFcalled 
''top down control," facilitated by cornpUteri- 
zation, inherently increases the role of upper 



*_There were_ nearly 7 percent more managers and adminis- 
trators in December ]L982_than jn 

employment fell 1 percent; however, unemployment for man^ 
agers also grew in that period: See Karen W. Arenson. ''Manage- 
ment's Ranks Grow/' The New York Ttmes, Apn 14. 1983. 
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Table 32.— Emplbymeht of Managerial arid SUpervisdi7 Persdhhel, 1980 



Managers, 
officials, S 
-prgpfie tdrs 



Nonworkin^ 
blae-collar 
superv is ors 



Clerical 





N urnbQr 


PorrPnt 


Number 


Percent 


_ Number 


Percent 


All indUstl'ies 


7,557,359 


8.1 


1,273,191 


1:4 


428,087 


0:5 


All rnariufacluririg . . . 


1,195,743 


5.9 


705,307 


3.5 


66,841 


0.3 


M el alw pikln g _m ac h me ry^ a_n d_ e g u i pni en I ^ . 


28,190 


7.6 


10,119 


2.7 


862 


0.2 


Office, computing, and accounting machines 


40,583 


9.4 


8,112 


1.9 


2,473 


0.6 


Electrical industrial apparatus 


12,632 


5:3 


8,343 


3.5 


1,009 


0.4 


Electrdhic cdmpdriehts arid accessories . . 
Motor vehicles and equiprrieril 


29,954 


5.4 


15,928 


2:9 


1,936 


0:4 


25,424 


3.3 


30,575 


4.0 


1,110 


0.1 




48,746 


7.4 


24,391 


3.7 


1,914 


0.3 



NOTE: Percentages have been rounded. — - 

SOURCE: Bureau ol Labor Statistics. "Empldymehl by Industry arid Occupatlori, 1980 and Projected 1990." uripuBllstiBa data brt wage and salary employment. 



management. Second, insofar as batch produc- 
tion, product variation, and corhpetitidri grow, 
more managerial input will be required for 
product planning and market analysis. Growth 
in PA prbducts and markets is itself a sdUrce 
of growth in managerial empldyiheht; many 
want-ads for managers refer to planned or ex- 
isting new ventures, arid they often refer to 
marketing respdrisibilities. Third, change in 
production technologies may create new opera- 
tional units within firms, and associated needs 
for planning and management. Automation 
generally entails new work in database man- 
agement, software quality assura^^ and 
. training— activities whk undertaken 
by special staffs and managers: 

Nevertheless, it is riot clear how much new 
rilariagerial employmerit the support rieeds of 
manufacturing automation will generate, espe- 
cially where companies already have data- 
processing staffs. Also, more advanced sys- 
tems that do not require mastery of special 
languages or formats, that include applica- 
tions generators, or that entail distributed 
data processing lower the requirement for spe- 
cial, in-house personnel. 

By cdritrast^ the automation of data collec- 
tiori arid trarisfer activities (e.g., through mon- 
itoring operation and performance character- 
istics of machines, and developing £Uid trans- 
mitting machine operating^instructjons from 
CAD systems) is ^xpected_to lower the de- 
mand for lower and middle managers." Some 



*jpavid Myers^ ''ACM ToJdJDA May Squeeze Middle Mana- 
gers Out of Jobs." Computerworld, Oct, 31, 1983. 



observers piredict that this will lead td ari hdilr- 
glass persdririel structure ariiorig firms. In 
some cases, autdmatidri may bring about ari 
upgradirig df a riiariagemerit position. For ex- 
arilple, added atterition to materials require- 
merits, production planning, and scheduling 
may make certain materials and inventory 
management activities into "white collar** 
functions. Where a jFew employ^ees oversee a 
larger amount of equipment, fewer first-line 
supervisors may be needed^ Indeed, with in- 
tegrated systems, it is likely that a hybrid 
position containing attributes of fbrmeriy sep- 
arate supervisory and subordinate operator 
may emerge. 



Other changes in the^nature of managerial 
work are possible. A^ study evduating pros- 
pects for cpmputeiMjperations managers gen- 
erally suggestedgrowing needs for capacity 
planning, performance mbrritorihg, technical 
support, security jhanagement, and facilities 
management.^^ Also, a study of rhanufactur- 
ihg firmts concluded that: 

The new teclmology subs 
the jobs of supervisors and middle-manage- 
meht, shifting the focus frdm watchddg arid 
discipliriariari td plarinirig, training, arid 
communicating." 



Iridustry representatives freguently^oint to 
resistance among lower and middle manage- 



"**Higher Skills Needed: Study,** Computenvbrld, Apr, 18. 

1983. ... .. . • . 

_ "Wickam Skinner, "Wanted: Managers for the Factory of the 
Future." The Annals of the Amencah Academy ofFdUUcal and 
Social Science, yol 470, November 1983, 
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ineht as a principal obstacle to the spread of 
automatibh. Greater recognition of the poten- 
tial of these techribldgies to displace such per- 
sonnel may add to sUch problems. 

Sales/Service 



Sales and t^hnieal service personnel consult 
with potential and actuaVcustomers, conduct 
presentations and dembhstratichs, provide 
training, and install products. In 1980 there 
were 437,497 (2.15 perceritj sales workers em- 
ployed in manufacturing. In 1982, there were 
413,657 12.2 percent). These included sales rep- 
resentatives br agents md sales cte 
inl98Q, there were 5,165 (0.03 percent) adult 
education teachers employed in manufactur- 
ing industries. Finally, technical writers (in im- 
khbwh number) comprise a related category. 

Reducers of PA, as well as independent con- 
sulting or service firms, are likely to demon- 
strate a growing need for technical sales and 
service or suppbrt persoiiiiel to serve their 
growing markets. On the other hand, auto- 
mated management and office systems are 
likely tb dampen demand far sales clerks. 

' Although industry representatives have 
complained of shortages of field-service per- 
sonnel and trainers, it is difficult to judge the 



numbers of such people, because in many cases 
they wear several hats. Also, f or products that 
are new and cbhtinually developing, it is to be 
expected that people with relevant expertise 
may be hard tb find. For smaller, innovative 
firms, in particular, technology sales and sup- 
pbrt persbririel tend to be engineers and other 
professionals. However, want-ads suggest that 
even large vendors of programmable ^toma- 
tion use engineers— "appHcations engineers" 
—for marketing and pre- and post-ssie suppbrt 
services. This situation reflects not only the 
techndlogy-intensive nature of PA products 
but also the fact that experienced eng^ 
commonly move into sales, mmiagement^ and 
other nonproduction positions. Such individ- 
uals are likely to be counted as engineers in 
occupational statistics. 

Want-ads suggest that PA vendors, like 
other manufacturers of technical products, 
prefer sales representath^s with tec^^ 
lege degrees, but will consider others with rele- 
vant experience. Similar preferences i^^^ 
ist for trainers^ Predictably, selection criteria 
for sales managers also emphasize relevant ex- 
perience. Relevant experience rnay include a 
background in sales or use of computer and 
business systems, or in ihahufacturihg br PA 
sales. 



Shift in Skills and Oeeiipalional Mix 



As revealed by the preceding discussion of 
skill requirements and occupational trends, 
' the proportions of sldHs and ocaipatibixs foimd 
in manufacturingjvill shift substantially be- 
cause of prq^fflmmable autdmatibh. Intact, 
to date, this impact lias been jnbre striking 
than any change in the level of employment. 
While it is too soon tb forecast precise numeri- 
cal changes, the directibhs of change are clear, 
in some eases, the effect will be to reinforce 
the long-term shift toward white-collar em- 
ploymaht; in other cases— notably, the nega- 
tive affect oh clerical opportunities— the long- 
term effect will differ from past shifts, this ^ 



sectibh describes the overall pattera of cjim 
in bccupatibnal mix and discusses the income 
implications of such change. 

Shift Toward White GoUar/ 
Salaried Employment 

The broad— and Ibrig-temi—tendencies are 
for eihplbymeht oppbrtunities of: 

• engineers and computer scientists; tech- 
nicians; and meehames, repairers, a^ in- 
stallers, oh the whole, tb rise— although 
specific oeeupatibhs (e.g., drafters) will 
face diminishing bppbrtUnities; 
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• craftwbrkers (excluding nieehamcsj, oper- 
atives, and laborers— especially the least 
skilled doing the most routine work— to 
fall; 

• plant and perhaps other clerical person- 
nel to fall; and 

• managers and technical s^Jes and service 
personnel to rise, eilthough lower and mid- 
dle rnanagemerit dppdrtuniti<?s ambhg 
users may fall. 

Thus, a shift toward nonproduetion or_**white- 
cbUar" employ merit appears evident. Table 33 
lists key oceupatibT-.o, 19S0 empLbyment lev- 
els, and the direci lohs of pbtenti^ change.* 



GemonstrateB Impact of 
Individustl Tecfanologies 

Studies of the impacts of single automation 
technologies provide detailed evidence in sup- 
port of a relative shift toward white-coUar 
employment^ For example, the Upjohn Insti- 
tute forecast displacement, by 1990, of 
IdO^dOO to 200^000 pixd^^^^^^^ 
to robots alone, compared with i^reation of 
10,000 to 20,000 jobs for mmntaining^ robots 
and ujider 11,000 for robot appKcations engi- 
neefihg. Ayxes and MiHer of Garnegie-MeHon 
University forecast the pbtehtial displacemeht 
of 1 milKon to 4 miHibh production worker jobs 
by robots, over a period of at least 20 years^^ 



♦However, changes in the mix of occupations do not guar- 
antee a rise in white-coUar employrseht in all cases: 



_ "Hunt and Hunt, op. cit.; and Robert U. Ayres and Steven 
M: Mffler, ''Rohotics and Conservation of Human Resources," 
Technology in Society, vol 9, 1982. 



Table 33.— 1980 Employment for All JManafactaring Industries, 
Selected PA-Sensltlve Occupations 



Number 



Percent 



Long-term direction 
of change 



+ 
+ 
+ 
+ 



+ 
+ 
9 



Engineers : . . 579,677 2.85 

Electrical 173,647 0.85 

Induslrjaj. 71,442 0.35 

Mechanical 122,328 Q.6Q 

Engineering and science technicians ....... 439,852 2:16 

Drafters 116.423 0.57 

NC_tPpl_progLrarners^_. _9,371 0.05 

Computer programers 58,622 0.29 

Computer systems analysts 42,404 0:21 

AdUlj edUcatidri teachers ....... 5,165 0.03 

? anagers, officials, arid prbprietbrs 1,195,743 5.87 

Cierjcal wpLrkers_.,^ 2,297,379 11.28 - 

Production clerks ...................... 139,947 _0.69 - 

Craft and related workers. :.:.:.:::.::.:::. 3,768,395 18:51 • ~ 

EliBctriciaris^ 126,001 0.62 ± 

Maintenance rnechanL^ .... 391,524 1.92 -f 

Machi_nisj_s,_toPl and die makers 356,435 1.75 — 

.Inspectors and testers :.:..:.:....::;:;. _ 538,275 2.64 - 

Operatives . . . . . : ............:.... 8,845,318 43.44 - 

Assemblers 1,661, 1G0 8.16 - 

Meiajworking jDperatjyes 1,470,169 7.22 - 

Welders and flamecutters 400,629 1.97 - 

Production painters ..:.:::::::::::::.: 106,178 0:52 - 

Industrial truck operators 269,105 , 1.32 - 

No>ifarm labbrers 1,576,576 7.74 - 

H_e^[pers,_t_rad_es , , 100,752 0.49 - 

Stockhandiers, order fillers .............. 104,208 0.51 - 

Work distributors .............:.....:..: 16,895. 0:08 - 

Cbriveybr bperatbrs 31,469 0.15 - - - - - - 

Note: Data refer only to Wage and salary workers. 

SOURCE: Bureau of Labor Statistics. "Empibyrnerii by industry and Occupatibri. 1980 and Prbjected 1990 Aiterriatives." iiri' 
puSMshea data: .; 
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(see table 34); And a German study found that 
when NC machine tools were introduced, the 
least skilled personnel (machine operators) 
were most Jikely to be laid of f while higher 
skaied programers, toolsetters^ and mechanics 
were likely to be retained, arid even more 
brought into the firm.^' 

A study of the effects of advanced talephone 
switching technologies showed that at Bell 
Canada, despite growthjn output, technology 
limited growjih in total man-hour^ of labor per 
year between 1952 and 1972 while producing 
large shifts in the oeeupatibnal iriix. The per- 
son-hour share of the least skilled category, 
operators, fell by over 20 percent while the 
shares of plant craftsmen arid clerical person- 
nel each rose by around 5 perceritf and the 
**wlnte-collar worker'' share, least affected by 
technology, change, rose by over 9 percent. The 
authors of that study concluded that new 
telecommunications technology outweighed 
change in labor costs as the cause of employ- 
riierit shifts, having the greatest effect oh em- 
' ployriierit of the least skHled (and least expen- 
sive) workers." The pattern of large decline 
for the least skiUed /'production" woA^^ 
srnall increases among other C4ateg6ries is like- 
ly to occur with the mtroduction of program- 
mable automation in manufacturing. 

• Finally. siriiUar trends emerge from a_ survey 
of workers in the Japanese electrical machine 
industry. It was reported that, when nnero- 
electroriics was introduced into products or 
production processes, employment _oi perma- 
nent workers'' in machining, assembly, inspec- 
tion, and quality control was likely to fall, 

"'Werner Postal and Klaus Kostrier, "Changes in Employ^ 
ment With the Use of Numericaily Cgntrpirecl Machjn 
(Mitteilurigeh auis der Arbestsmarkt* und Berufsforschungj, 
1 9g2 _ - _ _ _ _ - _ 

•^'See Michael Denny and Melvyn Fusia, "The Effects of i^^ac- 
tor Prices and Technolpgicai Changes on the Occupatibri^^ 
mand ior tabor: E vid ence From. C an ad i an Telbcdmihunica- 
tidris," The Journal of Humnn Resources, vol, 17, Na 2,1 983, 
The authbrs note that, 'The force of aatoraation can be seen 
from the fact^thaUhad^techriicaJ change not bccurred^ the de- 
mand for operators would have increased 6 ve^ 
ribd by 4 percent per annum rather thanjdeclining by 3 
cent per aririum^ Similarly, zero output growth woijld Ji^ye 
meant that the decline in bperatbr demand wooid have increased 
to 7 percent per annum" Ip. 1751. 



Education, and tne WorkpTace 



while emplojniient of production^e^ was 
likely to rise or remain constant;^^ 

Overall Effects 

_ Occupational demand shifts stirnulated by 
PA reinforce a Idrig-term growth in the pro- 
portion of horiprcRluction workers emplo^^ 
mariufactUfirig industries. For example, hB- 
tWeeh 1945 and 1979, the nonproductioh work- 
er proportion in the nonelectrical machinery 
industry rose f rom ?-4.2 to 34.4 percent. By 
comparison, the proportion: for the highly 
automated chemicals and allied products in- 
dustry rose from 22:5 to 42.S percent in the 
same period. The trends within manufacture 
ing are paralleled by trends within the^ecorio- 
my as a whole; employment in craft,/ operative, 
and laborer positions overall is how about one- 
third of total employment.^* The'brdad occu- 
pational shift reflects both technology change 
and the growth in hohrnaiiufacturing employ^ 
ment: In 1940, there were 300 manufacturing 
jobs per 100_ service industry jobs; in 1980 
there were 113.^^ 

Studies of^the effects of microelectronics 
(and telecomrnunieationsj techriblogies on 
other economies_shbw similar teridehcies. For 
example, an 0ECD study drawing on research 
in several cbuhtries identified the following 
broad trends: 

• within manufacturing industries, a de^i 
cline in the proportion of prckiuctidri work- 
ers engaged in Jow-skill, rote activities 
such as assembly; 

• within services, a decline in the propor- 
tion of more rbutirie information-handling 
occupations (e.g., low-skilled clerical^; 

• within all sectors, a decline m the propor- 
tibn bf lower managerial and supervdsory 
occupatibhs, with remaining personnel 

•^^enid Roren." Survey 8 on the Impacts of Mia^Ele^^^^ 
and Our PbUdt^Tawards technological Innovation, "^aper pre: 
sented at the 4th IMF World Corifefesce for the Electiical and 
Electronics lndustries, Oct. 3-5, 1983. - : : 

*^tJ.S. Department of Labor. Bureau of Labor Statistics. Em- 
ployment md ^armngs. May 1983, p. 1_79, 

****Job3 in Nation's Service industries Continue Rise in Reces- 
sion; Set New Record. Top Manufacturing Total for First Time," 
News, U.S. Department bf Labor, Bureau bf Labor Statistics- 
Middle Atlantic Region, Dec. 8, 1982. 
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table 34.--Carnegle-MetlQh University Study Estimates 



PbteRUal- 



Level I robot 



Potential displacement 



Range 
p ercent 



Average 
per ceJil 



Range, 
percent 



Average 
percent 



S&ctor 
34-37 



SecVo.r 
33-38 



Sector 34-37 
I II 



Sector 33i3J 
1 I) 



Drill p res s^bbnhg -machine 25-50 
Eiier, grinder, ljuf fer ::::::::::: 
Geai'cuttihg. grinding, shaping. . 
GMndihg/abrading machine 
. bpei'atoi' : : — 
Lathe/turning machine operator. 
Machine tool operator. 

__ combLnatioa V- - 

Machine tool operator, NC^^^._. 
Machine loo) operator. tooJroom 
M ac h ii\e looJ. o P^ rat O r, set t e r , ... .. 
Mjlling/pJaning machine operator 
Sa.wy^n _rn_eta^l_ _ ■_ ■_ _ • 
Subtotal, metaicutting machines 



Coil winding 15-40 24 

Drop hamrrier operator 15 

Forging press operator *S 

Forging/straijahtening roll 

operator . \ \ . tS 

Header operator 20 

Power brake/bend in g rtiachihe ; : : : 20 

Press bperatdr/plate print 20 

Punch press operator 10-100 15 
Punch press setter 15 

Riveter (light) 5-ioo 15 

Boll forming machine 20 

Shfiarer/slltter opierator ; 20 

Subtotal, metatforming 
machines ; 



Cpnyeypr _pperator/tender . . . 
pie casting machine operator 



Plater helper ^. , 

Fabricator, metal 

.'Fabricajor, plastic 

Furnace bperatbr/cuppbia tender 

Heater, rnetah 

Heat treater, annealer 

in|ect'ibn/cbmprGssibh mold 

operator (plastic) \ . . \ \ \ . \ \ \ . 

ihspectbr 

Larriiriatbr, preforms 

Machine operator, h;e:c:^ ::::::: 

Mbider, machine 

Packager; production 

painter, production : . : ; ; 

Pburer metal : : 

Sandblaster. shotbLaster 

Screwdriver operator (power) 

Tester : 

WLr.et. eljactrlc 

Sut^tnlaJ^ miscellaneous 
machines 



Joining (welding) 10-60 

Assembly 3-20 " 

total of subtotals + jblrilhg + 
assembly 



27 
10 



25-50 


30 


60-75 


5-35 


20 


5-75 




10 




10-20 


18 


20-100 


10-20 


18 


40-60 


1030 


15 


5-60 


10-90 


20 


30-90 


1-5 


3 


ASO 




10 




10-20 


18 


40^0 




20 





65 
35 
50 

50 
50 

30 
49 
50 
SO 
50 
SO 



104,050 
77,360 
11,070 

97,090 
130,260 

142,750 
41,900 
33,410 
47,260 
58,900 
-10,660 

754,710- 



113,210 
103,430 
11,670 

109,680 
141,560 

154.220 
45,020 
36,160 
51,490 
63,230 
-15,180 
S44,8S0 



31,215 
15,472 
1,107 

17.476 
23,447 

21,413 
8,380 
%W2 
A,72S 
10,602 
X132 
136,972 



68,933 
27.076 
5,535 

48,545 
65,130 

42,825 
20,531 

m,7m 

23,630 
29,450 
5,330 
353,690 



33,963 
2,08& 
1,167 

19,742 
25,481 

2S433 
9,004 
1,085 
.S,149 
11,381 
_ 3,036 
135,227 



1550 



60-80 



10-100 



40 
70. 
70 

70 
70 

\70 
70 
70 
70 
3b 
70 
70 



26,57i) 
2,990 
6,500 

1,000 
5,080 

33,240 
4,230 
159.890 

16,080 
9,090 
4,320 

22,450 



33,550 
2,990 
7,190 

'2,840 
5,080 

35,240 
4,23d 
171,710 

16,840 
9,090 

11,030 

28,660 



6.377 
449 
975 

150 
1,6i6 
6,648 

M6 
23,984 
2,412 
1,364 

864 
4,490 



10,628 
2,093 
4,550 

766 
3,556 
23,268 
2,961 
111,923 
11,256 
2,727 
3,024 
ilS,715 



8,052 
449 
1,079 

426 
1,016 
7,004 

846 
25,757 
2,526 
1,364 
2,2m 
S,732 



291,440 3^4^fi 





10 




30 


18,070 


20,240 


1,807 


5,421 


5-15 


5 


10-20- 


10 


6;530 


14,670 


Z27 


653 


20-100 


40 


50-100 


77 


7,780 


9,500 


3,112 


5,991 


5-40 


20 


5-60 


-55 


27,350 


29,770 


5.470 


15.043 


30 




100 


26.100 


26.560 


7,830 


26,100 




to 




30 


5.910 


5,910 


591 


1,773 




to 




30 


1.970 


1.970 


197 


591 




20 




.50 


4,420 


14,490 


884 


2,210 




20 




100 


2.070 


5,010 


414 


2,070 


5-50 


10 


5-90 


46 


14.770 


23.440 


1,477 


6,794 




20 




50 


24,910 


29,83b 


4,982 


12,4$5 


5-25 


13 


5-60 


35 


228,530 


269,650 


29,709 


79,986 


20 




50 


lb, 16b 


10.160 


2,032 


5,080 


10-50 


16 


20*65 


25 


13,020 


38.590 


2,083 


3.255 


20 




50 


5,65b 


18,540 


t,l30 


2,825 


1-40 


16 


2-70 


41 


55,480 


75,640 


aC77 


22,747 


30-100 


44 


50-1 bb 


66 


74,380 


78,640 


32,727 


49,091 


5-20 


10 


10-30 


24 


1,280 


13,280 


- 128 


-307 


10-100 


35 


10-100 


35 


6,290 


10,030 


2.202 


2,202 


10 




50 


3,420 


-3.420 


342 


t,7t0 


1-10 


8 


5-30 


12 


51,470 


62.890 


4,118 


6,176 


0-10 


9 


10-50 


28 


22,940 


26.520 


2,065 


6,423 










619.500 


788,650 


112,504 


258,903 



2,024 
734 
3,8bb 
7,954 
7,968 
591 
197 
2,898 
1,002 
2,344 

S,966 
35,055 
2,032 
6,174 
3,708 
12,102 
34,558 
1,323 , 
3,511 
342 
5,031 
2.387 



73,587 
36,201 
5;835 



54.840 
70,780 

46.266 
22,060 
1S,Q8Q 
25,745 
31.615 
7,590 
392,599 

13,420 
2,093 
5,033 

1,938 
3,S56 
24,5U 
2,96% 
120,197 
11,788 
• 2,727 
-7^721 
2a,062 



-492^401 56,467 216,060 



6,072 
1.467 
7.315 
16,374 
26,560 
1,773 
591 
7,245 
5,010 
10,782 

14,9X5 
94.378 
S,080 
9,648 
_%27Q 
30,939 
51,836 
3.187 
3.511 
1J1Q 
7,558 
7,426 



141,700 322,647 



10-90 
20-50 



49 
30 



. 319,040 
1,182.650 



344.280 
1,318,750 



86.141 
118.265 



1 56.330 
354,795 



92,956 
131,875 



168,697 
395,625 



3,160,340 3,840,840 503,457 1,316,119 558,220 1,495,628 



arlme frame is uncerlaia; auttwrs refer ta ''eventual-'-aisplacGrnBnt.pQten.tjai 

^Employrherit fjgure.S-are fiQro_BiJteau of Labor Statistics. OccupnUonal Employment In Manufacturing Industries (Washington. D.C.: 

^n.e.c. - Not elsewhere classified. _ _ 

NOTE: The italicized numbers are estimates by Robert U. Ayers. based on similarity. 

SOURCE: The Impacts of Robotics on the Workforce and WorHpysce, Carriegle-Mettdn University. Juno I98i: 



U.S. Government Prthtlhg Office, 1977). 
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more restricted to preparing and trans- 
mitting information to upper manage- 
ment; 

• growth in the proportion of occupatiohs 
installing^ operating, and repairing new 
equipment and providing related support; 
and 

• some deskilHng of tasks inLsbaie craft oc- 
cupations due to transfer of prior operator 
functions to machines.®® 

However, it is imprudent to simply take 
past trends as accurate forecasts of the future. 
For example, there are indications that the ewe- 
cupational shift is not inexorable, at l^st in 
the short term. Researchers at New York Uni- 
versity, in the study cited at the beginning of 
this chapter, forecast the effects on labor de^ 
mand in 1990 mid 2000 of a growing use_ of 
computer technology in mahufactiirihg, office, 
health-service, and edueatibh settings. They 
concluded that the overall trend toward white 
collar employrheht would. cohtihue, but that 
the shift would be igr^ater for the slower of two 
alternative trends for the diffusion of com- 
puter techriblbgies. 

Their analysis suggests that ^^^^ 
' of the investment in capital goods required for 
the diffusion of computer-based techhoTog^es 
could buoy mahufaeturing industry ahd^prb- 
duction occupation erhploymeht throughcut 
this century. While cbmputerizatibri reduces 
demand for labbr overall, because of antici- 
pated slbw growth in labor supply it caix serve 
to avert pbtehtial shortages of certain types 
bf persohhel rather thaii create unemploy- 
ment. Although, like any other modeling ex- 
ercise, that analysis is shaped by its underly- 
ing assumptibris, it shows how outjDut levels 
can determine employment mix as well as 
level. Thus, output levels, economic perform- 



•"pECD. Informatioh AeUvitjes, ETek:tr6mc3 and TelecDmmu^ 
nJcaUons Technologf^^ Paris. 1981. An ecbhbihetric study of 
the Canadian economy described jn_ that pECD^^^^^^ 
gested-that; as capitfd intensity grows, complexity of opera- 
tions also grows, making planning and coordiriation— and as- 
socia_ted personnel— more necessary. It also found that as the 
cost of capital or equipment faJUis^r^ '^stSvdemahd 
for "information labor** rises, while demand for **noninforma- 
tibh labor" falls. 



ance and growth can be seen to be vital to em- 
plbymeht. 

PA Producer Employment Mix 

The^ emer^g occupational mix found in 
automation producers may indicate future 
trends for the metalworkiiig industries gener- 
ally— and perhaps for the rest of the rnanufac- 
turihg sector as well. The Upjohn Institute, 
for example, suggested that two-thirds of the 
jobs among robot producers would be white- 
collar, ihcludiiig professidhals, technicians, ad- 
mihistratbrs, sgles, and clerical workers.* 
Researchers at New York University, dra\v- 
ihg oh discussions with the leading robot j)ro- 
ducer (l^mmation), also estimated thsU: about 
t wcFthirds of employment in the robot indus- 
try would be white-collar, although it had dif- 
ferent detailed estimates (see table 35). Final- 
ly, a similar appraisal was provided m recent 
congressional testimony by Walt Weisel,^ chief 
executive o| a robot manufactttrer (Prab Ho- 
bots) and president of the Robotie Industries 
Association (formerly the Robot Institute bf 
Americah^'^eisel forecast hew jobs in sales, 
applications ehginearihg, research and devel- 
opment, and field service cmohg producers, as 
weH as hew maintenance and mcuiufacturing 
process jobs among users.** These examples 
reflect the fact that productidh work is rela- 
tively limited amoiig producers of program- 
mabJe autornatidn (see ch. 7); its role is also 
declining aihdhg other manufacturers.*** 

The implications bf the erhplojaheht mix 
found among producers of aulbrhated eqiiip- 
ment can be seen by cbhtrastihg the staffing 
profiles of the electronic and ccmputing rnachih- 
ery and ehgiheerihg and architectural services 



♦That study estimated that employm_ent:by_dornestic robot 
mahiifactufefs was approxtmately ^OlDO persons in 1982 and 
would grow to between 9,000 and 17,000 by 1990. Hunt and 
Hunt, op.^it, 1?:^ __ : 

♦♦Testimony during hearings bef^^^ the House Coi^^ 
on SinaH Business, Subcbmmittee on General Oversight and 
the Economy, May 17, 1983: 

♦♦♦The ypjohh Institute also estimated that there wouid be 
about 8,bbO_tp_i6,OQO lobs associated with supplying hardware 
components to robot producers by 1990. This latter estimate 
assumes domestic sourcing of hardware; it will overstate actu- 
al supplier employment potential if companies continue to ex- 
pand their impbrt| of rdbotfc hardware. 
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table 35.~Estlmates of Robot Manufacturer Staffing Prbfiles, 1982 



Occapation 



Rolbpt 

manufacturing 

-4^)- 



Occupation 



Robot 

manofactarlng 

m 



New York UjilversUy^ 

Electrical engineers 12.1% 

Industrial erigiheers 2.2 

.MechanlcaLen^^ineers 4.4 

Other engineers 8;3 

Computer programers 2.1 

Cdrtiputer systems analysts 0.9 

OihG ^corn puter specialists 0.3 

Pers_onjiel_ and Jabpr relations workers 0.3 

Other professional, technical 8:2 

Managers, officials, proprietors ............. 9.0 

Sajes workers 4.0 

Stendgraphers, typists^ secret arles 5.6 

Office machine operators Q.9 

Other clerical 9:2 

Electricians 0.9 

Fbrernah, n.e.c 0.8 

M_a_c_h i nis ts . ^ . .^ 2.3 

Other metalworking craftworkers 1:5 

Mechanics, repairers :..:..:.:...::......:. 0.8 

Assenlblers ^ 14.7 

Qheckers, exarniner^^^^ 2.8 

packers and wrappers 0.4 

Painters .:::::::::::::::.::::::::::::::: 0:7 

Welders, flame cutters 0.9 

Other operatives 5.6 . 

Jan [tors arid sextons 0.4 

Laborers 0.7 

Tptai_. IQQ.Q 



Upjohn tnsUm^ 

Engineers . . 23.7% 

EngtrieiBrIng lechnlciaris . .......... . 15.7 

Ajl^X)tber prolessjona^l and JechnI workers . 4.2 

Manageis, officials, proprietors ....:::.:.::: 6:8 

Sales workers .::......::.::.:............ 3.4 

Clerical workers ^ 13.9 

SkiNed craft and re^^^^ 8.4 

Semiskilled m_etaJwork_ing optatives 4.2 

Assemblers and all other operatives :■:::::::: 19:0 

Service workers — 

Laboirers . . . . . . ^ . . . _ 0.7 

Farmers and farmworkers — 



Total 100.0 



Columns may not add_to [ota| due to rounding, 
n.e.c. - not elsewhere ciasslfied. 



SOURCES: ^assHy Leon tLef and Fay.e.puchfn. rh final report. New York Unlvorslty. Institute (or Economic Analysis, 

April 1984. Data based on staffing of Unimaiion. Inc. (now pari of Westlnghouse). 

"h: Allah Hurit arid Timothy L Hunt, Human PtesoufQe ^mpf^cat^ohs of Robotics, The W. E. Upjohn Institute for Employmeht Research, 1983. 



industries with those of the motor vehicles and 
parts, nietalworking machinery, primary 
metals indiistries (see table 36). The electronic 
and computing machinery industries have pri- 
marily employed professional and technical 
workers (39 percent) and other white<;ollar per- 
sonnel, as has the engineering and architectural 
services industiy (69 percent professional and 
technical). By contrast, employment in the 
other industries has a more even distribution 
over a larger range of occupational withjthahy 
more opportmiitles in production jobs. For ex- 
ample, craft and kindred workers and opera- 
tives each comprise about a third of the em- 
ployrneht in metalwbrking machinerjr;_ they 
have comprised 20 percent and over 50 per- 
cent, respectively, of motor vehicle einplby- 
rnent. 



The staffing contrast is instructive, because 
emploj^ment opportumties foi^^ 
will be more like those in^he cqraputer indus- 
try than in conventional met^wqrl^^ 
facturing. As noted by the Upjohn institute: 

The most remarkable thing about the job 
displacement and job creation impacts of in- 
dastrial robots is not that more jobs are elim- 
inated than created; this follows from the fact 
?l*^t robots are labdr-sa^^ de- 
signed to raisB-productivity and lower costs 
of production. Rather^ it is the skill-twist that 
emerges sb i^learly when the ibbs eliminated 
are compared to the jobs, created . . . We sub- 
toit that this is the true mefioiihg of the so- 
called robotics revolution.*^ 



*'Hunt and Hunt, op. cit., p. 172. 
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Table 36 — IndDstry Staffing Pattern Contrasts 

Office, 

Metalworking .. cornputingLancI .Qprnputer arid 

inachihefy arid Motor vehicles accounting data_-pr_ocAS_sing 

equipriient arid parts mac hi pgqf services 

ProfessionanechnicaLand related workers . . . . 32,617 8.6% 45,417 5.9% 139,922 32:5% 86.351 29.5% 

Managers, officials, and proprietors 28.190" 7.6 25,424 3.3 40.583 9.4 37.244 12.7 

Sales workers .. .7.207 .1.9 .3.837 0.5 4.107 1 9,965 3.4 

Clerical workers 40,429 10.9 47,973 . 6.2 69,320 16.1 147.665 50.4 

Craft and related workers 99.306 26.7 161,297 20.8 52,055 12:1 3,982 1.4 

Operatives 146.706 39,5 520,413 54.3 112,377 26.1 5,242 1 8 

Service workers:::;.:: ::::........: 7,496 2 22,003 2.8 4.771 1.1 1,681 0.6 

Nonfarm laborers . . .. ^ .:.:::::::::: :^ : 9,544 2.6 47,433 6,1 7.677 1.8 672 0,2 

NOTE: Percentages nave been rcunded. 

SOURCE: Bureau oi Labo." Statistics. ' • .-pplovment by Ihauetry and Occupation. 1980 and Proiecled 1990 Allernalives," unpublished data on wage and salary employment. 



Erigirieeririg arid 
architectural 
services 



349,063 
58,947 
2,345 
85,066 
12,591 
41,557 
4,786 
,2,346 



62.7% 
10.6 

0.4 
15.3 

2,3 

7.5 

0.9 

0.4 - 
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The contrast in staffing patterns implies that 
there will be relatively few opportunities for 
people to move easily from pther metalwork- 
ing manufacturing jobs into automation-pro- 
ducer j qbs. It also implies that there may be 
fewer opportunities for promotion fro/n pro- 
duction to nonproduction work. 

Intercompany Patterns 

Where automation is part of brmder process 
changes that also include changes in hx^f?iness 
relations between manu attrt their 

—suppliers or distributors, occupationaJ shifts 
^^thin companies may mai|k offsettinj^r <>3* am- 
plifying trends in r^lated^irms (upstream or 
downstream). Coniputer links bet^^^ 
ties, i^ particular^ may affect facility staffing. 
Eaton, for example, is implementing d'-com- 
puter-aided design and manufacturing system 
that wiH share information about product de- 
sigh, process planning, materials require- 
ments, and i^osts among computers at 2Q0 
Eaton maniifacturing facilities (and many sub- 
cbhtractbrs). Such a network will reduce eh- 
giheering and other persbhhel requirements 
per facility.^® — 

As was discussed earHer, the spread of GAD 
and its integration with GAM may alter com- 
panies' decisions on wbether to contract out 
for drafting and other design services. In addi- 
tion, the growth of autbmatidh service and 
cbhsultihg firjns will affect producer ahdLuser 
hiring of applications ehgiheerihg staffs. While 
manufacturers have ihcreajihgly contracted 
but for '/producer services" such as accourit- 
ing, food services, and security, prbgrammable 
automation may reinforce of counter this 
trend for individual services, thereby influenc- 
ing staffing patterns amon tj both manufactur- 
ing and service firms. 



Transient Skill Requirements 

One factor that cushibhs erriplbyrrieht ad- 
justment in the short term but presents chal- 
lenges fdf long-term planning and adjustment 



'^AmeHcdh Mela] MarkeC/Metalwdrkih^^ May 16, 1983, 



is the tendency of early or simpler .tj^s of pro- 
grammable automation fand other computer 
applications) to require work that is found to 
be jio longer needed with more advanced tech- 
nology. A clas^sic exarnple, in tlie case of com- 
puters, is keypunching. Keypunchers are still 
in demand in the Unite^ States^(6ver 5^,000 
were employed in 1980) because niany comput- 
er users cannot afford to jettison outmoded 
data-entry systems wfien improved technolo- 
gies come along. The availabiKty of new tecn- 
ndlbgy thus does nat g"ai^^tic^ an immediate 
demand for new skills and staffing. However, 
keypunching the only cbmputer field tb 
experience declining emplbyrrieht in the 
1970 s. 

The most no vious areas in which skill re- 
quirements assqcipted witji PA may be short- 
lived, at least in some firms, are data entry,^ 
data ^ransf er^ and programing. One niajor 
aerospace user of PA, for example, ^ticipates 
a major reduction in its use of engineering and 
cbmputer : lupport personnel with the integra- 
tibh of various iomputer-based systerhs.^^ As 
early as 1977, NC users respbnding to a sur- 
vey conducted by MIT researchers "repbrted 
a desire tb reduce both prbgramirig and main- 
tehabce costs by increasing their depehdence 
on computer sdphisticatibri and reducihg the 

heed for highly skilled technicians. 
— ___ _ 
At present, different automatioh equipment 

and systems have different progf amihg. and 

data-prbcessihg geeds. Integration of those 

systems where applicable, develbpmeht bfca 

standard language, arid/or other develbpmerits 

(see ch. 3) may bring abbut a sharp reductibn 

in the ampuht bf prbgrmiiing that is necessary. 

CAD, CAE, and computer-based managerherit 

systems typically use commercial software 

packages and involve little programing by 

users. Although data entry is necessary to 

establish databases, after the initial input 



"QTA case study. 

'"Robert T. Land and Christopher J;3ai'net£, ^'Numerically 
CoiS trolled Machine Tools and Group Technology: A Study of 
LI.S. Experience," MIT Center for Policy Alternatives. Jan. 13, 
1978. 

16? 
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Photo credit: McDonnell Douglas Automation Co. 

Graphics-based offline robot programing 
using a CAD system 

'r' 

Stage updating may be Handled by profession- 
als using distributed, interactive systems.* 

Robots are usuaHy progrsaned with easy-ti> 
use soft^^e that generSly does hot require 
progP^nmg stalls, and they have tended to be 
reprogramed infrequently. Moreover^ direct 
Unks between robots and CAD or CAE sys- 
tems wiH further reduce robot programing. 
Similarly, NG programing is becdming sim- 
pler, mid direct links to CAD or CAE systems 
wiH reduce proOTainirig requirements. W 
users may develop greater needs fo^persons 
capable of adapting programs, they wiH have 
less need for program creators^ sJthough such 
persons rhay remain important to suppliers of 
PA equipment systems. 

Transient jobs tend to persist among small 
firms longer than arnbhg larger ones, inas- 
much as small firms are less able to adopt 



__*Cqmputer-industry represehtatiyes see improved software 
and easier-to use systems as a response to Perceived shortage 
of progromers and other data-prPcessing^rsonnel. M 
1983 coiferehce, one software company spokesman contended, 
• 'What we need is to make microcompat^^rs easy enough to use 
so th_atj?nd users cah control their destiny." See Robert Batt, 
'•Micros Seen Holding Key to DPer Lack/' CompU^rworTd, 
Apr. 25, 1983. 



newer technology. However, the development 
of cheaper, smSler, easier-to-use PA systems 
—such as those currently fueling market 
growth for CAD and CNC, in particular-- will 
hasten their adoptidh by smaller firms during 
this decade arid the next (see ch. 7).* 

Qualification Tjpends 

2c ' om the United States and other 



countries suggests that, though automation 
is simplifyirig productibri t^ks, employers are 
hiring better qualifi^, more skilled personnel. 
Insofar as this occurs, simple contrasts in oc- 
cupational eriiployment levels will not be ac- 
curate indicators of changes in skilli require- 
riierits. 

Research from Japan and West Germany 
brings out the contrast between employee 
qualificatiohs and skill requireriierits: 

• ^ Japanese survey reported that the 

^read of microelectronics was associated 
on the one^hrad with ^ubstnntial growth 
in employment of high school arid college 
graduates with science and erigmeering 
majors and bri the other hand witl^dwth 
in the number of riiachirie dperatdrs do- 
ing snriTiile or unskilled tasks.^* 

• A Japanese case study of automation in 
software develbpriierit fdiliid that compa- 
nies hircki better educated staff oy|fi* time 
but adopted automated techniqued^aimed 



♦To put the timing issue into perspectlve^npte that most job 
opehirigs represent the replacement of personnel, rather than 
em^lpymeht growth. Replacement hiring occurs not o^y^ 
cause of deaths, retirements, and resignations, but aLw because 
people move between ocaipatipns M weU_Mlo]3s. Rep 
heeds aire One reason wiiy BLS and others^forecMt that most 
1980's job bpehihgs will occur in extstiiig occupations^ ^d that 
PA wUl have a negligible ef fectoh memy of the occupations ex- 
pected togrow the most. Indeed, although 5 cc^^ 
occupations experienced drajnatJc_employment growth (r^^^ 
ihg from 28 percent for data-entry personnel to 477 percent ^or 
other computer si>Bcialists) betwe<§n 1972 and 1982» as a group 
they accounted for slightly more than 5 percent of overall job 
growth in that period.. SeeJRpnald E. Ku tscher^ testimony before 
the House Coramittee on Small. Business, Subcommittee on 
Oversightahd the Economy, hearings on ''The Imii^ct of Ro- 
bots and Computers on the Workforce of the 1980's;'* May 18, 
1983. _ • __ . ^ 

"^'Ministry of LaborjBeport on Microelect^^^ 
pact on Labor,^'* cable from American Embassy (Tokyoj to U.S. 
Secretary of State, August 1983. 
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at simpUfying work, aUowing employees 
to **superyise" automated processes. 
Work t^sks were changed m respjjnse to 
shortages of ^perienced^ersonneh" 

• A Japmese survey of electrical rnachineiy 
industry workers reported that operators 

iicroelectrbnics-equipped machines in 
riu' ehine shops (and to a lesser extent in 
assembly shops) perceived a need to un- 
cierstahd computers, programing, electric- 
ity^ and electronics, while machine **super- 
visibh" and mbhbtohbus^butine work in- 
creased." - — —-—-^ 

* A West Gentlaii study of the employmeht 
effects of NC hit^jb^r^^ - ibi? "^epbrted that 
workers iricrr^i^i^irigly perceived a need for 
**proiessidrial training," while their re- 
sponsibilities shifted horn machine opera- 
tion to machine supervision."''* 

The preference bf employers to hire (or re- 
tain) well-educated persbhhel, both in the 
United States and abroad, suggests that high- 
er educatibh br skill may be regarded as an in- 
dicatbr bf other attributes such as respbhsibili- 
ty (desired because of growihg investments in 
equipment) or an ability to solve problems and 
troubleshddt (desii-ed because of gf owing de- 
pendence on equipment arid the costs of a 
breakdown). Thus, the Japanese survey of elec- 
trical machinery workers noted a need for at- 
titudes su^h as meticulousness and accuracy, 
the readln^ess to learn new th^ ^^^1^ jSO 
forth" that allow prompt decisionmaking and 
quick responses. 

In the short term, employers may continue 
to employ personnel who are on average more 
or less skilled than necessary. This is because 
most companies are inexperienced with pro- 

"Japah Labor Assbciatibri, **A Special Study Cdhcerhirig 
Technological Innovation and Labbr-Mariagerrieht Relations,'' 
in tpriiP- report , _J une 1 983 •_ Also, n_o_te_t ha t t his .experience is 
similar to conditions observed following the introduction of NC 
machine -tools: — 

"Dehki Rbreri, "Surveys bri the Impacts bf Micrb-Electrohics 
and Our Policies Toward Technological Irmovatibn," paper pre^ 
sen ted at the 4 th JMf World Conference for the Electrical and 
Klectronics Industries, -October 1983. 

'*Wcraer Dostal and-Klaus Kbstrier, "Changes in Emploj> 
merit With the Use bf Numerically Cbri trolled Machine Tools," 
{Mjtteilunger: aus der Arbeitsmarkt* und Berufsfbrschung), 
1982. 



grammable autdmatidh, especially the prdduc- 
• -tion teclmdldgiesrand are not yejt^^f with- 
their exact skiH requirements and capabilities. 
In the long term, as experience is gained, com- 
panies may employ more lower skilled peopie 
plus a few highly sjdlled jpeople worjdng at 
higher ley els. This may come about because 
PA dan lower skill requirements as well as job 
number^ at low and middle levels of organiza- 
tions, and because companies generally try to 
reduce the amount of skiti they have to pay 
for; Oh the other hand, companies try to avoid 
wholesale replacement bf skilled categories, ; 
since skilled wbrkers_Bre generally more pro- ' 
ductive than others. The ttansitibh in skill mix 
is likely to be gradual, and it will vary among 
firms and industries. 



Compensation Patterns 

Occupationjd sBft wage levels and 

in turn influence^ the income distribution and 
the buying power of constmiers. The shifts dis- 
cussed in this chapter will adter wage patterns 
bbth within the ihahufactufihg sector and Be- 
tween it and other sectors. While short-term 
trends can be identified^ lbhg-±erm impHca- 
tibhs are! less clear; they depend bh many f ae- / 
tors besides technology change. 

A major impBcation of Jhe shift to^VW 
cbHar" or sj^aried jobs, given contemporary 
wage patterns, is a reduction in access to weH- 
pajdhg jbbs for individuals with a schc^l 
educatibh or less, individuals who Save tradi- 
tibhally found ready erhplbyrhent in the mmiu* 
factiirihg sectbr {and in prbductibh jbbs in par- 
ticular). In riiany cases, rhahufactiirixig person- 
nel earn higher pay than their skill levels or 
educatibhal attainment would suggest, in pail; 
because of collective bargaining. By contrast, 
many Idw-skiU service jobs pay less and offer 
less job security, in part because of the ab-— 
sence of coUective bargaining. Lack of proper 
education and training or employer prejudices, 
as well as a reduction in^vaiiable job^ opporr 
tunities, may restrict the movement of such 
incHviduals into higher skilled^ jobs in the 
manufacturing sector, while technology change 
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md import competition may reduce the total 
lumber of manufacturing jobs.* 

Figure 16 contrasts the earnings distribu- 
;ibri for agriculture and industry ^d for serv- 
ces in 1971 and 1981. tower lev^s of cbmpen- 
jation for the service sector as a whole reflect 
;he relative lack of unionization, the preva- 
ence of small firms, the greater role of part- 
-.ime work, and the predominance of wdmen.** 
rable 37 show3 the distribution of average 
earnings by industry; table 38 shows that av- 
3rage eatrnings in metalworking industries are 
iiigher than those in durable manufacturing 
overall; arid table 39 shows earnings levels by 
occupation in machiiie-todl industries. 

As the above contrasts suggest, eniployees 
displaced from manufacturing employrnerit 
may suffer reductions in earnings, income, and 
job sfcCltrity if they move into new jobs in serv- 
ice indusmes or into other jobs iii maiiufac- 
turing that are not subject to collective bar- 
gaining. The losses are especially liltely for 
blder workers, whose wageiJ would have grown 
with seniority. 

Changes in job mix m^ affect the distribu- 
tion of income more than the le:^el of income 
overall. In very general terms, PA arid other 
factors will contribute to long-term growth in 
output and, therefore, aggregate income. While 
shifts in job mix may depress wage growth, 
returns on invested capital may grow, shifting 
spending power frorii workers to investors 
(many of whom are workers thernselves). This 
shift may be compounded inasmuch as wage 
earners are more likely than investors to spend 



♦A survey performed by Westat for OTA in August 1982 
showed a propehsity of firms-- especially those that are 
relatively large or relatively heavy users of automadoii— to train 
professionals and high-skilied productjcr. worl&ers to work with 
automated equipment. 

♦*"A large share of the rapidly increasing service sector eni- 
pjpyment has involved work traditionally done by women at 
16w pay. and throughout the peri<xi (1950-81) there has been 
a marked- tendency for much of the new white-collar work to 
be defined as women's work, paid f or at relaUyely low rates and 
fxerformed by women and until recently by young workers from 
the baby-boom generation. "^Thomas M: Stanback. Jr., **Work 
Force Trends," The LqnjS'Terin Impact of Technology Em- 
ploy meht and Unemployment (Washington, D.C.: National 
Academy Press, 1983). 



on relatively labor-intensive goods and serv- 
ices, as some evidence suggests.* 

Past trends suggest tfiat technological 
change and the declining share of manufae^ 
irig jobs in the economy have eroded xnidlevel 
job and income opportunitiesr polarizing the 
work force and income distribution (see table 
40). Ndyelle, for example, m-jgues from^an anal- 
ysis of private sector earnings distributions 
that: 

Medium jobs are shrinking in^^^ 
across the economy, in good part ^because 
employers ^re increasingly emphasizing the 
concentratibri of skills in a jrelatiyely narrow 
stratum ofuppef level jobs, while dealing with 
the rest of their work force as a buffer that 
can be adjusted over the course of the econom- 
ic cycle." 

However, it is riot clear that this pattern wiH 
continue iri the long run. \\niile long-te 
changes in wage patterns and income distribu- 
tidri are beyond the scope ^f this report, 
several observations can be made here. 

Stanbjaek and Noyelle attribute the loss of 
midlevel jobs iri rriariufacturing to * 'increased 
separation betweeri production and admim^^ 
trative furictioris . . . and the increased divi- 
sibri of the work process withm both produc- 
tibri arid cbiporate administratio^^^^^ 
grairirilable automation ^hould couhteraet 
these trends, because it aims to integrate pro- 
duction arid administration. Also, PA may 
help to reduce employment fluctuations 
among firms in the future because it siriiulta- 
neously lowers labor reqmrenients arid ericoUr- 
ages broader job deseriptibris^ which rriay 
make workers less * 'dispensable. Moreover, 
as suggested bj^the discussion of bccupational. 
trends above, PA may sb blur occ. Rational 



♦Note that between ISoiS and 1082, personal consunip tidri 
expenditures cbnsist,L:Aii> grew faster Jthan GNP; consumer 
spending is the Jargust cbrrroheht of GNP. Set; Arthur J ^An- 
dreaasen, ''Economic Outlook for the ig90's: Three Scenarios 
for- Economic Growth,*' Monthly Labor Re riow. November , 

"Thierry J. NoyeDe, **People. Cifies. and Serv^^" The En- ^ 
treptvneuriai Economy, Jun^^ 

^*thomas N. Stanback. Jr.. and Thierry J. NbyeUe, atie$ in 
Transition (totowa, N.J.: Ailanheld, Osmun & Co., 1982}. 
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Figure 16.-Sectoral Earnings Pailerns 
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Table 37.-Eafnings'by Industry (gross hoors and earnings ol prodwlion or nonsupervisory workers' oh private iionagriciiltural 

Davrdlls bv Ihdiistrv d W and riiaior ^ 



Industry 



Average weekly hours 
1979 1980 1981 1982 



Average hourly earnings _ 
1979 1980 1981 1982 



1982 



Total private;::;:;:;:;;;:;; 



Constructibn . . . 



.. Ovfirfime hours 

Durable goods;:::;:;:;:;; 



Lumber arid v^bod prodiicls 

Fu_roijure_and_fixt^ures 

Stone,, clay, and glass 
- products:;:;:; :;:;:;::: 



35,7 35;3 35.2 34,8 $6.16 $6,66 $ ?.25 $ 7.67 $219,9r $235:10 $255:20 $266.92 



Fabricated metal products . . 



43:0 43:3 43:7 42.6 8,49 9.17 

37.0 37,0 36:9 36:7 9:27 9.94 

40,2 39,7 39,8 38.9 6.70 7:27 

, 3.3 2,8 2,8 2.3 - 

40,8 40.1 40.2 39,3 7.13 7.75 

3:5 2:8 J:8 .2.2 - - 

39,4 38,5 38,7 38:0: 6:07 6:55 

38,7 38.1 38,4 37,2 5,06 5,49 

41:5 40.8 40,6 40.0 6,85 7,50 

41.4 40:1 40:5 38:6 8.98 9,77 

40.7 40,4 40.3 39,2 6:85 7:45 

41.8 41,0 40.9 39,7 ' 7,32 8,00 



Electric and.electronic 
equipment :::;:::::::: 
Transpbrtatibnequipiiieht.., 41,1 40,6 40:9 40:5 
Inslrunienls and related 
..prolucis... 

Wiscellanfioos manafacturing 
industries ..,..,.:,:.;::: 



40,5 40.4 39,8 6,17 



. O^erfjme/ioiirs 

Food and kindred .products 

Tobacco manufactures : : : ; 



38:8 38:? 38:8 38,5 

39.3 39,0 39,1 38:4 
3,1 2.8 2,8 2.5 
39.9 39.7 .39.7 39,4 
38,0 38.1 38.8 37.8 

40.4 40:1 39:6 37:5 



9:35 

B,80 

5.03 5.46 
6:01 . 6:55 



Api)ar_el and other textile 
.. products..... 1.. J... 
Paper and allied prodacis'. , , 
Printing and publishing :;:;; 



35,3 35,4 35.7 34,7 

42,6 42,2 42.5 41,8 

37:5 37:1 37.3 , 3.7,1 

41,9 41.5 41:6 40:9 

PelioleuiTi and.cpai prod^ 43,8 41,8 43.2 43,9 

flabber and miscejjaneous . ._ 

plasties products :::,:... 40,5 40,0 40,,3 39.6 

Leather and leather pfoducts 36:5 36:7 36;7 35,6 

Transportation and public utilities 39,9 39,6 39:4 39:0 

Wholesale and retail trade.,.. 32.6 32.2 32.2 31,9 

Wholesale trade 38.8 38.5 38.5 38,4 

..Retail trade :::::::;:;:.:.:.... 30,6 30.2 30.1 29.S 

Finance, iiisiiraiice, and real estate 36:2 36:2 36:3 36.2 

Services 32.7 



6,27 
6,67 



4.23 
7,13 
6,94 
7:60 
9,36 

5.97 
4,22 
8:16 
5.05 
6,3'' 
4,53 
5.27 
5,36 



6,85 
7.74 
5,07 



4,56 
7,84 
7,53 



6,52 
4,58 
B,87 
5:48 



5,79 
5,85 



7:99 

8,54 

6,99 
5:91' 



40:3 39:8 40.0 39,3 6,32 6,94 7,62 
8:53 



5,97 
7,18 

7,44 
8,88 
5,52 



4:97 
8.60 
8.19 
8,30 9.12 
0:10 11:38 



7,17 

4,99 

9.70 

W 

7.56 

5.25 

6,31 

6.41 



0,83 
1.55 
8:50 



7.50 
6:33 



8,27 8.87 

10.81 11.34 

8:19 8:78 

8,81 9:28 



8,17 
1,12 



6.41 
7.73 



g,B2 
5,83 

5:18 
9,32 
8,73 
9,98 
2,47 

7,63 
5,33 
0,30 
6:22 
8:06 
5.49 
"6,79 
6.90 



365.0?. 
342.99 
269,34 



239,16 
195,82 

284.28 
371,77 



305:98 



195.16 
236.19 

250:17 
253,46 
188.26 

149:32 
303:74 
260.25 
318.44 
.409.97 

241:79 
154.03 
325.58 



190,77 
175,27 



367.78 
288,62 



252.18 
209,17 

306,00 



300,98 
328,90 

276,21 
37S.51 



7,42 8,26 251:74 275:40 



211.30 
255.45 

271:95 
294.89 
203.31 



330:85 



422,18 



260:80 
168.09 
351,25 



247:93 267,96 
147,38 
209,60 
190,71 



438.75 
399,26 
318.00 



270,51 
226.94 

335:76 
437.81 
330.06 
360.33 

304.89 



299.77 
231,64 



295,37 
344:54 
218.59 

177.43 
365:50 
305.49 
379.39 
491.62 



288:95 
183:13 
382.18 
190,62 
291,06 
158:03 
229:05 
208,97 



459:23 
426.45 
330,65 



9.05 290,90 310:78 343:31 355:06 



234.73 

354:40 
437,34 



368.81 



322:55 
450.36 

322,38 

247.56 
296.33 

310,87 
369:68 
218,63 



324:63 
407.36 



189:39 
401.70 



309.97 
.163.55 
245:44 
224,94 



in conslruction; and to nbnsupetvisory workers in Irarisporlaiiort ana public ulilitios; wholesale an_d 



reiail Irade; linance, insurance, and real dStale; 3nd services. _ _ _ _ ; 

SOURCE: 0:s: Depafi(n«nl ol Cafior, Bureau ol Labor Slalislics, Emiiloml i Mngs, 1984, establlshiiient daia, annual averages. 
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Table 38.— Earnings of Production Workers, 
Selecied Industry Groups, 1936 to Date, Annual Averages 











Motor 




Metal< 


Metal- 






Durable 


Nonelectrical 


vehicles & 


Aircraft 


working 


cutting 








machinery 


ec^uipment 


and p_arts 


machinery 


machinery 


Year 




1. .f.y' /t- 


industry 


industry 


industry 


industry 


industry 


Average weekly 














1 936 




$ 23/2 


NA 


S 30.13 


NA 


NA 


$ 28.73 


1937 




26 61 


NA 


32.66 


NA 


NA 


32.48 


!938 




23.70 


NA 


30.59 


NA 


NA 


26.75 


1939 




26.19 


NA 


33.58 


NA 


NA 


32.34 






28.07 


NA 


36:69 


NA 


NA 


37.44 


1 94 1 




33 56 


NA 


42.68 


NA 


NA 


44.22 


1942 




42.17 


NA 


54.15 


NA 


' NA 


52:70 


. 1943 




48.73 


NA 


f;9.i3 


NA 


NA 


55:11 


1944 




51 .38 


NA 


60. 12 


NA 


: NA 


58;i9 


1 y45 




48.36 


KiA 


55.28 


NA 


. NA 


57.14 


1946 




46.22 


NA 


52.28 


NA 


' NA 


54.40 


1947 




51.76 


S 57.58 


58.63 


$ 54.74 


S 58.69 


57.87 


1948 




56.36 


60.38 


63.15 


60.97 


' 63.13 


61.68 


1949 




57.25 


60.31 


67.33 


63.34 


' 61.33 


59,23 


1950 




62.43 


62:08 


74:85 


68.10 


71.73 


69,87 


1 95 1 




68.48 


76:i3 


77:i6 


77:96 


86.01 


85.14 


1952 


... 


72.63 


79:55 


84:87 


8i:27 


92.20 


90.24 


1953 




76.63 


82.68 


89:88 


83:38 


96:81 


95. 17— 


1954 




76.19 


81.40 


91:30 


84:66 


93:09 


89:25 


1955 




82.19 


87.36 


99.84 


89.21 


' 98.34 


95.48 


1 ^DD 




85.28 


93.06 


96.82 


95.57 


108.96 


106.25 


1957 




88.26 


94.12 


100.61 


96.35 


} 106.89 


101.04 


1958 




89.27 


94.33 


101.24 


101.25 


102.00 


91.20 


1959 




96.05 


102.92 


1 11.38 


106.63 


.' 113.74 


106.93 


19B0 




-97:44 


104:55 


115.21 


1 10.43 


117.27 


1 10.99 


1961 




100:35 


107:42 


114.65 


114.68 


117.04 


111.92 


1962 




104 70 


113:01 


127:67 


iig:97 


! 125.57 


119.41 


1963 




108.09 


116:20 


132:68 


122:43 


128:90 


124.42 


1964 




1 12.19 


121:69 


138:03 


125:03 


, : 37:06 


iq2.oi 


1965 




1 17.18 


127.58 


147.63 


131.88 


144.37 


138.76 


I9i56 




- 122.09 


135.34 


147.23 


. 143.32 


/ 153.72 


, 150.20 


1967 




. . ^ 123.60 


135.89 


144.84 


146.97 


154.56 


154.25 


1968 




132 07 


141.88 


167.66 


152.04 


158.70 


152.65 


1969 




139.59 


152.15 


170.56 


161.35 


172.38 


166.61 


iI970 




143:47 


154.95 


170.47 


168.92 


174.28 


166.00 


1971 




153:52 


161.99 


195.29 


1 75.82 


174,62 


163.90 


1972 




167:27 


179:34 


219.22 


193.44 


198.29 


194.71 


1.973 




179 28 


193:, 83 


237:08 


207.50 


214.90 


219.11 


1974 




190.48 


207:6'^ 


239 54 


218:70 ■ 


225.33 


232.74 


1975 




205.09 


219.22 


262.68 


246.19 ' 


22646 


232.68 


1976 




225.33 


236.74 


305.30 


263.16 


248.69 


24996 


1977 




248.46 


259.79 


345,40 


289.95, 


279.72 


290.18 


1978 




270.44 


285.44 


368.05 


318.19 


306.88 


322.56 


1979 




290.90 


305:98 


372.37 


351.05 


329.30 


344.21 


1S8C 




3io;z8 


328.V.J 


394.00 


389.76 


346.83 


366,21 


19B1 




342:91 


360.33 


450.31 


425.80 


371.49 


383.95 


1982 




355:67 


367.49 


469.80 


462.38 


377.94 


380.83 


rJA Not 
















SOURCE 


U S. B.uruju 


__UJjor.St_3lJblLC_s. :iEmplx)ynient nnd Enrnings Statistics. 1 909-70' ' (also mbhthlyj Naiibrial Machine Tool Bui 


ilders' Association. 19B3 WB-1 Economic 




H.mObook o 


t tti*^ Machine Tool IncHtslry 













17 B 



15d • Computerized Manufacturing Autornatibh: Empibymeht, Education, and tli e WorkpVac e 



TableJS.— Eacnirigs of Prbducli^^^^ 
Selected Indus try Groups, 1 936 to Date, Annual Averages— Continued 



Year 



Dura&Ie 
goods 
industries 



Nonelectrical 
rtiachlhery 
iridu^t^y 



1936 


S 0.58 


NA 


1937 


... 0.67 


MA 

Via 


1938 . 


U.DO 


NA 


1939 


Q-gg 


NA 


1940 


0.72 


NA 


1941 


o.io 


KiA 


1942 




NA 


1943 


1.05 


KiA 


1944 


i .1 i 


NA 


1945 


1.10 


NA 


1946 


1.14 


_ NA.. 


1947 


1.28 


$ 1 :34 


1948 


i An 


1 .46 


1949 


1 .MO 


1 .52 


195D 


1.52 


1.60 


1951 


1.65 


1.75 


1952 


1.75 


1 .35 


1953 


1 ■ PP 


1 .95 


1 954 , 


1 .90 


2.00 


1955 


1 .99 


2;0B 


1956 


2.08 


2:20 


1957 


2.19 




1958 


2.26 


2:37 


1959 




2:48 


I960 


2.43 


2.55 


1961 


2.49 


2.62 


1962 


i>.56 


2.71 


1963 


2.63 


2.78 


1964 


271 


2.87 


1965 


2.79 


2.96 


1966 


2.90 


3.09 


1967 


3.00 


3:19 


1966 


3.19 


3:37 


1969 


3.33 


3:58 


1 970 


3:56 


3 77 


1971 


380 


3.99 


1972 


4.Q5 


4.37 


1973 


4.32 


4.55 


1974 


4.68 


4.92 


1975 


5.14 


5.36 


1976 


5.55 


5.76 


1977 
1978 


6.06 

6.58 


6.26 
6:78 


1979 


7.13 


7:32 


1980 


7:75 


a. 00 


1981 


8 53 


8.81 


1982 — 


9.05 


9.28 



vehicles & 
equipment 
— i hdU s tr yL 



S 0.7.6 
0.88 
0.91 
0.92 

0.94 
1.04 
1.17 
1.24 
1.27 

1.27 

I. 35 
1.47 
1.61 
1.70 

1.78 
1.91 
2.05 
2.14 
2,20 

2:29 
2;35 
2.46 
2.55 
2.71 

2.81 
2.86 
2.99 
3.10 
3.21 
3.34 
3:44 
3:55 
3.89 
4,10 

4.23 
4.74 
5.11 
5.45 
#-9Q 
6,47 

7;i0" 

7:B5 
8:50 
9:06 

9.85 
11.01 

II. 60 



Aircraft 
and parts 
industry 



MetaN 
_working 
machmery 
Industry 



cijttirig 
machinery 
Industry 



NA 


NA 


$ 0 65 


NA 


NA 


0.73 


NA 


NA 


0.74 


NA 


NA 


0.76 


NA 


NA 


Q.7B 


NA 


NA 


U.OD 


MA 


NA 


0.99 


NA 


NA 


1.09 


NA 


NA 


1.15 


NA 


NA 


119 


NA. . 


NA 


i 27 


2> ' .0/. 


S 1 .38 


1.37 


' 1 .49 


1.49 


1.47 


1 .56 


1.54 


1.51 * 


i.64 . 


1 .65 


1 .62 


1.78 


1:83 


1 Qfi 

J .dU 


1 .09 


1.97 


1.92 


1.99 


2:1a 


2.06 


2.07 


2:17 


2.10 


2,16 


2.24 


2,1 9 


2.27 


2.40 


^.00 


2. 35 


2.48 


2.40 


2.50 


2,55 


2.40 


2.62 


2.67 


2.54 


2.70 




2 63 


2.77 


2.80 


2:21 


2.87 


2.90 


2:79 


2.95 


2.97 


2:88 


3.02 


3:08 


2.98 


3:14 


3.1a 


3.07 


3.31 


3,32 


3.23 


3.45 


3.45 


3.39 


3.6.2 


3.64 


3.55 


3.86 


3.90 


3.83 


4.12 


4,12 


4.00 


4,32 


4.28 


4:16 


4,65 


4.59 


4:56 


5.00 


4,84 


4:88 


5.40 


5:18 


5:23 


5:99 


5.51 


5.54 


6:45 


5.94 


5.98 


6.92 


6.49 


6.61 


7.54 


7.02 


7.2b 


8.26 


7.57 


7.77 


9.28 


8.18 


8.38 


10.31 


8.93 


9:1-2 


11.25 


9.52 — 


g;79 



NA -Nbi X-vnilafelo _ . . . . . 

SOURCE U S LJuronu of Lnbor Stntisi.cs. ' Empioymont and Earmgs Statistics. t909-70 - (also monthly). Nahonal Machine Tool Builders Association. 1983-1984 Economic 
Handbodk of ihf> Machine Tool Industry 
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Table ?9.-Av9rage Hourly Earnings lii itie Machinery, jfilariufacliirihg industry,^ 
in Seiecied Areas by Occapation, 'iM, 1978, 1981 



Occupation 



Occopation 



ion 



Assemblers 



Inspectors 



Region and survey year 



1. Baltimore, Md. 

inler 197475 

January 1978 
Janoary 1981 

2. Boston, ISpss 

Winter 1974-75 



- Janoary 1981 
3.Bu(lald, N.Y. 



January 1981 . : 
4;Ciijcago,1ll: 
Wiriler 1974-75 , 
January 1978 .. 



5; Cleveland, Obio 
Wiritel 1974-75 . 



6. Denver, Oolo. 
Winter 1974-75 , 
January 1978 .. 



7. Detrpll, Mi'. 
Winter IPv/') 

Jaiiuarv (f '? , 

Januiirj- W\ 

8. Houston, Tex. 
Winter 1974-75 
January 1978 
January 1981 

9. lA/Long Beach, Caiif. 

WinleL 1974-75 

January 1978 
January 1981 



Class 


Class B^ 


Class 


Numerically 
controlled 


TooJ room 
one lype 
macJiififi- 




Ulass 09 Class A" 


Class B' 


Laborers: 
material 
handling 


Tool 
clerks 


$ 5.17 


$460 


S397 








S4.39 


$5.46 


ki A 
NA 


Jap/ 


$4.07 


6,74 


579 


523 




0.34 


D.UO 


5,71 


6.72 


MA 

NA 


5.13 


5.38 


g,D1 


7.84 


7,01 


7,68 


NA 


8,00 


688 


8,88 


$7.72 


: 7.21 


NA 


5,04 


415 


358 


466 


7fi 




, 3,97 


4.97 


A 00 

4.o<i 


3.66 




6:54 


6:01 

8.35 


4:71 


624 


B7? 


P; Ifi 

U. IQ 


' 4.89 


NA 




4.Db 


5.73 


0.59 


• 5.87 


8.44 


NA 


8.31_ 


6.62 


8,47 


7.44 


6,18 


7.22 


5,16 


4 78 


419 








4,73 


5,54 


R nj 


4.36 


4.43 


6.77 


628 


544 


7(10 






6.43 


7,20 


0.00 


NA 


5.86 
7.80 


8:97 


8.25 


7.01 


9,47 


7.74 


9.24 


8,07 


9,35 


7i2 


8.11 


5.71 


502 


449 


559 






4,58 


5,51 


0. i3 


4.30 


4.68 


7,38 


651 


590 


755 


O.OD 




6,49 


7,43 


o.ol) 


5,86 


6.47 


9:60 


8:00 


6.63 


9.51 


11.31 


8,95 


7,43 

7 


9.25 


8.56 


6.81 


9.10 


5,68 


475 


384 




5 fin 




4,95 


5.60 


o,2o 


A Af\ 

4.49 


4.96 


7,02 


601 


4 12 


7l7 


7 HQ 


7 01 


6,13 


7.20 


0.65 / 


6.07 


6.50 


9.43 


8:13 


6:78 


9;37 


916 


9.f)4 


" 7.80 


9,93- 


- 8.46/< 


-8.90— 


8,86 


553 


443 








/i on 


3.31 


5.14 


AM 

4.03 


3,58 


4.38 


6,60 
9.30 


536 


504 


fi44 






4.30 


6.67 




4,75 


5.89 


7.23 


NA 


8.26 


10.69 


7.;9 


5.-:9 


8.55 


, 7.D4' 


5.89 • 


■7.54 


6,07 


546 


4 3? 




D.OO 


0.1 J 


5.60 


5.74 




4J9 


5.44 


8,19 


7i i 


5 48 


7 14 




7 fln 

J.Ow 


\ 7.23 


.7.79 




6.94 


7.13 
9.80 


11,61 


9.^3 


6.21 


9.44 


12.08 


11.17 


V9.59 


11.01 


NA 


9,45 


540 


501 






J.OI 


R 07 


4.47 


5.43 


.4.60 


4.21 


4.65 


715 








7 Oft 


R 00 


5.86 


.7.37 


6.43 


5:38' 


6.36 


9.92 


NA 


5,93 


10.08 


10 08 


975 


9,06 


10.07 


R4«i 


7 M 




5.28 
6:87 


^56 ' 


3:60 


5:43 


6.17 


4.71 


3.88 


5.38 


4,30 


3.82 


4,58 


5.45 


3.96 


6.86 V 


7.44 


6,29 


4.41 


6.47 


5.50 


4.67 


5.24 


9.38 


7,39 


4.83 


9,28 


9.87 


8.02 


6.09 , 


9.77 


7.20' 


5.74 


5.93. 


5.75 


5.48 


5.49 


5.48 


5:89 


5,68 


5.24 


5.6? 


5,40 


NA 


4.77 


.7.78 


6:89 


-NA 


7.43 


7.80 


7,72 


6.96 


7.24 


6.97 


6.19 
8.88 


6.28 


10:47 


9.91 


8,45 


10.36 


11.35 


10,31 


9.09 


?.99 


NA 


9:13 
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gibri arid survey year 



Table 39.— Average. Hourly Earnings jh tKe_MachineQt Wanufacturlng Iridustry,^ 
in Selec t ed Are as by OccupaUon, 1978, 1981-"'Continued 



-Occupation 



Occupatidrt 



Uori— 



efti biers 



Class Class Class C^ 



Nurtierically 
controlled 



Tool room 
one type 
machine 



Class A' Class Class A^ Class 



Laborers, 
rriaterlal Tppl 
handling clerks 



Newark, NJ. 
Winter 1974:75 , . 
January t978 . . 
Jariuary t981 . . . 
Pittsburgh, Pa^ 
Winter 1974:75 . . 
January 1978 . : ; ; 
Jariuary 1981 . . . , 
St. Louis, Mo. ill. 
Winter 1974-75 . . . 
January 1978 ; . , ; 
January l981-_.,-, 



5.31 


5.31 


3.86 


5.61 


5.71 


5.28 


4.21 


4.87 


4,92 


4.02 


4.85 


6:50 


6:59 


4:85 


6:29 


7.47 


6.54 


5.71 


5.95 


6.61 


4.96 


5,74 


9.44 


9.04 


6.35 


7.68 


NA 


7:93 


5:90 


7:83 


7:77 


7:21 


6.60 


5,55 


5.36 


4.97 


5.19 


5.43 


5.80 




6.19 


4.99 


4.47 


4.65 


7:15 


6:71 


6,15 


6.69 


7.21^' 


7.14 




7.37 


6.66 


5.33 


6.18 


9.44 


8.80 . 


8.14 


9:33 


NA 


8:52 


7:78' 


9.44 


8.79 


8.74 


7.48 


"6.54 


5.07 


4.69 


6.33 


5.76 


5.78 


4.7D 


' 6.23 


5.03 


4,17 


4.62 


8.25 


6.14 


6.12 


7.26 


8.03 


6.91 


5.81 


7.24 


6.23 


5.11 


5.81 


-9.45 


8:36 


8:30 


J9.27- 


8.69 


9.10 


7.57 


9,04 


8.35 


6.79 


7,86 



leiecincai Machihofy (SiC 35). . _ _ _ _ _ _ 

?tatQts wfio sel iiP Iheit qwd machines and Perlprm a. yarietv of. machine ope close tolerances using decisions based on blueprints and layouts, 

ifaf pfs -AfiT' ^'P .'f'^'f Pv/n machines and rriainj'^An operalion set'Ups made by others, 
3rtiiors Who pexform routinR and repetitive bperaiibns Dut do not sei up nriachineb . > 

re fh^n Dnf!_ type di machin.e . . _ _ : 

i anci Jfiiuiits parts and i.naK.es decfStons reqardmg_prpper perfprrriance oj corrT^ponen/^^or unit. 

.erTibl»?s parts m accor^iance with standarr' and prescribed procedures. Requires some fitting and adjusting. « 
iponsibi«.' ior decisions regarding quatity of prbdiici and operations:. Troubleshooting and iriterpretirtg of drauk. and specifications is involved, 
ts products prccLTses having rigid specificjtionS with established inspection procedures. 

iRCE: Data from' U.S. Department of Labor. Bureau of Labor Statistics, compiled in Naiional Machine Tool Bullflers Associatlori, 1963-1984 Economic Handbook of the Machine Tool Industry, 
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Table 40.— Distribution of Total U S. tabor Force Among Earnings- Classes, 1960 and 1975, and 
Dlslrlbutibrl of i960-75 Job [."jcreases in tfie Sen'ices 



Distribation of total U:S.:. labor force 1 960-1 975_ job InWases 



(p(9rc(9htages)' 



in services" 



Earriinqs clu-ocs^" 1960 1975 p.hT^^-nnR) Percentage 

1.60 and abuvu 10.9 I ^ 12:0 \ „ 1.947 _9:5 1 ^- _ 

i.59to 1.20 20.7 1 ^^-^ 22.2/ ^"^"^ 5,224 25.5/ ^^'^ 

1.19 to 0.80 35.9 27.8 2,311 11.3 

Q.79 to 0.40. 24.11 . 28.4 1 9,205 44.9 j 

0.39 and below .::;.::::::: / ^ _9:6 f ^^'^ 1.829 8:9 / ^^'^ 

To\a\ .............. ^ . . . 100:0 100:6 20,516 100:6 



^Exciu<Jes_agr«culture..mmifi5, and pujjjic _adminJstratio_n. 

^Ifiinspprtatipn and pthe: utjji|ies,. wholesale, retail, finance, insurance. estate, cofporate services, consumer services, and nonprofil. 
'^"nelaiive to ^ 0. <or average earnings 

SOUnc:f lHufTMii M StanfaacK; Jr ; - work F-orco Trends." The Long-Term tmpaci of Technology on Employment arjd Unemployment (Washington. D.C.; National Academy 



distirictibhs (e.g., between engineer and tech- 
nician in some cases) as to raise questions 
about equal pay for equal work, potentially 
motivating a compression of the pay scale. 

Finally, the factors that shaped past pat- 
terns of service sector emplbyihent and com- 
pensation, such as an accelerating influx of 
women into the labor force, will hot be the ones 
to shape future traits, especially if capital in- 
tensity and productivity grow ' i the service 
sector as expected (due to computerization and 
other factors) arid as slower growth in the la- 
bor force makes labor scarcer (see below). 

Nevertheless, the technologies may also 
allow a continuing pblarizatibh of the work 
force in at least some instances. For example, 
a recent study of software prdductidri fdUrid 
that individual workers ar'i assigned small 
pieces of a larger task, which in turn is part 
of still larger tasks. 



The elaborate division of labor energy in 
software work is sometimes— arid mistaken- 
ly— called specialization. It is more accurate- 
ly called fragmentation. Increasingly, soft- 
ware work is characterized by a stratification 
of responsibility and pay, not Just a division 
of labor. What is unclear is whether tfiere is 
a direct path between Ibw-payirig arid high- 
paying positions." 

A common response, especially from the 
labor movement, to the prospect of a worsen- 
ing income distribution (or erosion of earning 
power) due to changing job opportunities is to 
propose that work hours be reduced.''* As 
Wassily Leontief has noted. 



"Philip Kraft and Steven Dubnoff^ "Software Workers Sur- 
vey^" Computer World. iVn. depth), Nov, 14, 1983. 
'"See, for example: AFL-CIO. *'The Future of Work," mimeo 

1983. 
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The reductibh of the average work weekjn 
ihariufacturing from 67 hours in 187G to some- 
what less than 42 hours must also be recbg- 
; nized as the withdrawal of many millions^ of 
working hours from the labor-market. Since 
the end of World War ! I, however, the work 
week has remained almost constant." 

Moreover, jobs in manafacturing, especially 
among metalwqrking industries, typically in- 
clude overtime hours of work (arid correspond- 
ing extra pay): The United Autorndbae Work- 
ers Union^has begun to press for reductions 
in overtime work as a rnearis ihcf easing 
auto-industry employmerit. Its icudership has 
linked the issues of work hours, job security, 
and acceptance of technological change:«° 
While reducing work hours can increase the 
number of jobholders, it may not be possible 
to employ more people without reducing real 
(i.e., adjusted for inflation) per-person wages. 
For this reason, job-sharing programs under- 
taken in Europe arid in this country, including 
reductibris iri hours of work, have tended to 
be temporary. 

Automation may allow real wages to in- 
crease only under certain circumstances^ and 
where they do increase they may not increBse 
enough (see fig. 17).* Increases in nominal as 

^Wassiiy W. Leontief, 'The Pistribution of Worked In- 
Vbme/' Sctentmc Amencm. September 1982._T_h_e average of 
weekly hours jn mahufacturihg during 1982 was 38.9 (down 
from 40.2 in_1979K compared to 35.1 {down from 35:7 In 1979) 
for the total private nonf arm economy . See Valerie A. Persbhick. 
*'TheJdb Outlook Through 1995; Industry Output and Em- 
ployment Projections," Monthly Labor Review, _l^py^n\hc^: 
1983: and U.S. Department of Labor, Bureau of Labor Statis- 
Ucs. Employment and Earnings, May 1983. 

""Overtime, Technology, *84, Issues" Automotive News. Dec. 
19 1983 

♦Note that Ledhtief has argued tr: . v.al wages are not jike- 
iy to rise sufficiently to allow vbluritpxy redactions in the work 
week, given anticipated tech nblb]^^^^^ ciisplacen^nt. teontief 
advocates government intervenUon via income maihtena^ and 
ihc jme distribution programs. See^Wassily N. Leontif, "The 
Distributibn bf Wi>rk iahd Income,'* op. cit. 



well as real wages will be constreiiried by in- 
creasing international competitibh.JNbte that 
manufacturing workers in Hong Kbhg, as iri 
other developing regions, work 6 days a week, 
id hours a day have few holidays a year and 
earn relatively low wages. Their lower stand- 
ard of Hving eonstredris us frbrri raising ours 
where our products cbrripete in the same mar; 
ket.j General Mbtbrs, for exarnple, ha§ 
attempted tb increase its ability to compete 
with producers operating in low-wage cqun- 
tries by introducirig a dtfal pay system which 
prbvides lower wages for new workers, coh- 
frbriting esdstirig personnel with *^an agoniz- 
irig choice between going against_deeply held 
union principles and giving some of their 
neighbors a chance for a job; "^' SeverM other 
companies have also moyed to adopt dual p^ 
systems, but such systems are considered 
controversial.^^ Other mechamsms for sharing 
work, such as eOTly-retirement (which shares 
j obs between generations rather tb an airidrig 
contemporaries), may more easily preserviB 
wage levels, although they rriay draw on a 
smaller pool of workers. 

Pro fit-sharing may provide a means by 
which employees gain j ob security in exchange 
for variable compensation. Interest in prof it- 
sharing has beeri growing recently; Both 
heightened international competition and 
greater capital intensity due to PA use rnay 
stirriulate manufacturers' interest in profit- 
sharing. 



"'John HoIusha,l'G.M. Divisibn Vbtes oh Two-Level Pay," 
ThBNew York Times. Aug, 24,_198_3. _ , 

"Steven Flax, -"Pay Cats Before the Job Even Starts.*' For- 
tune. Jan. 9, 1984. 



Contextual Factors 



There are rhany ways for cdmpanies to ad- 
just to changing labor heeds. Employers can 
lower their use of labor without layoffs or 



otner involuntary separatidris of employees if: 
Ij the tixning of displaceirierit is paced accord- 
ing to the normsil lurhdyer dr attrition rate of 
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Figure 17.— Technology Change arid Real Wages 



Type of 
technpLosy 
change 



QHange_ in amount of 
labor usQd v. Change 
only In type of 
labor Used 



Output 



Nbnilnal 
Vi/age change 



O^Apul price Realwage 
c^t^nge change 

■TutpUt price 
faMs 



Norrilnal 
wage rises 



Real wage 
rise 




Ouiput, price 
constant . Real wage 
rise 



Outpat price 
falls 



Nbmihal wage 
constant 



Real wage 
rise 



Output price 
cj jHscant Real _w_age 
constant 



^ ^ ^ ^ ^^^^ yvaae 
nol rise 



, Technology hot adopted 
"~ (at bid wages, prices and costs) 



Nominal 
wage rlsea^ 



O.utput price falls 
and/or constant Real wage 



Oatpat price 
rises 



Output price 
falls 



Real vvac^e fail 
or constant 



Reai wage 
rise 



Ndrrimai 
wage constant' 



Outpuj pj^[':r 
consta nt _ 



COP' (anl 



DeskiH 



Reai v<age ^ 
not rise 



KFY Dost.iii - Roduco % hi-skill, hi-wa"- 

OTE Thofo IS nc straighil-rward economic analysis of »?Mect oi cHarige iri skiii rriix as them is for change in 'abor produciivity. per sc 
SOURCE: OTA. based on at alysis by Eiloon AppelDaum, Temple C ilveriily. 
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the firm (which reflects resignations^ perma- 
nent disabiUty departures, deaths, retire- 
ments, entry into extended miHtaiy service, 
cHscipUnary discharges, and transfersj;/2] cur 
rent employees who wish to remain with the 
firm can do hew work or j obs (on their own or 
with training); and/or 3)Jhe level of output ex- 
pands to at least accommodate the existing 
labor force, despite growth in output per 
employee. 

AT&T, for example^ ihcreased automation 
without major layoffs dtiring the 1950's and 
1960's because of expandiiig output; it nov/ ^^^^ 
pears to have less capacity for maintaimng 
ei7>ployment levels. General Electric, for ex^ 
ample', is spending $100 m^Uion to moderruze 
refrigerator production and expects to eUm- 
inate 1,000 jobs from that operation by the 
mid-1980 s. However, it does not plan to lay 
off persdhnel because about 300 employees 
"leave voluntarily eaqh year, and tlie company 
plans to reassign persbrmel to other appliance- 
manufacturing jobs,«^ Similarly, Westing- 
hduse has a policy of not laying off personnel 
because of technology change. 

This section exarnines relevant changes in 
the labor supply that may complement the ef- 
fects of technology c^ d demfj^d changes on 
hiriu- patterns, and it ex amir es Japanese ap- 
pi baches to work force adjust neht^ Chapter 
6 discus. ;cs retraining and r. '^nseling pro- 
grams ease transitions of current em- 
ployees. 

Labor Supply 

The makeup of the population and the labor 
force are importaitt factors for evaluating the 
overall challenge of adjusting to changing job 
opportunities. The size, growth, and age struc- 
t ure of the labor force are relevant, as is com- 



-Hmce V.ernvi. : <:E Investing SIOOM A^'^^^f ^f ^^^^^^ 
Anwrk ^ ^rHo1 ^.^W.e^MetaiH'orjfy/J^ Neivs. July 25 198... 

"01-: to Improve Some Businesses for S590 Miilion. 
The XVo'l y,reet Johrnal Nov. 2. 198,1. A S362 miilio_n_. 'e .t- 
nipnt bv GH in pi tit and equipment f>r aircr.sft engines aijd 
controls wtU affect 1 1.2 15 employees in two citie.-. GE plans to 
rpassiKn many workers provide specifi educatior.jLna retrain- 
injr assLsu- oe. " and sponsor placeme'i^ programs for p^rJon- 
nel choosini: to li.'ave. 



position by n.::e and aex. OTA expects tliat 
some of the labor supply trends discuRjied be- 
low will help to offset the potential negative 
effects of PA on employment levels. 

The total U.S. population is growing rela- 
tively slowly; the Census Bureau predicts that 
the population will reach its maximum size 
(308.9 miUion) in the year 2050. Growth m the 
labor force, which includes principally people 
between the ages of 16 and 65, peaked during 
the late 197d's foHowing the influx of the baby: 
boom generation and rapid grdvs'tii m labor 
force activity among wbmeh. The nvedian age 
of the population has risen to over 30, and the 
proportion of the population under 25 is^decJm- 
ing (it is now about 41 percent, down from 46 
percent 'n 1970)." The number of pt^i sons aged 
26 to ?5» will also decline through tlas century. 
The n edian age of the labo-- force is ali-.ost 35, 
and the number and proportion of workers 
aged 16 to 24=the new entra;it group— wm 
faH; ConsequehUy, the labor for Is expected 
to grow relatively slowl ". in this and future 
decades (see tables 41 and 42). 

Slower growth in the labor force makes the 
iiconomy better able to absorb increases m out- 
put per worker without growth in unemploy- 
ment. Indeed, for output to grow relative^ to 
the labor force, increases in output per r.'Oi ivei 
would bene<:essary; without them co^opanies 
would exorrience labor shortages. On _the 
other haiid, if output does not grow^ f^^^ 
enough relative to the labor force, lator 
surpluses may arise. Labor surpluses may je 
realized as unemployment, withdr iwal .rorxi 
the labor force, or involuntaiy par* tijne 
employment and other forms of underem; .oy- 
ment. Official unemploymeht statistics meas- 
ure only part bf the prbblern. 

The aging of populations and labbi forces 
influences who can and wiH bear the burden 
of adjusting to changing labor requirements. 
Other things being equal, the greater tlie pro- 
pbrtibh of older workers, the faster wiU attn- 

"^•U Populalidn Seen Hitting -«ak in 2OS0_ of .TOS.9 Mih 
lien,- Til . WhII Street Journal. 9U982. P;.d H, ulier- 
ton Jf ar.d J. Tschetter. "The 1S95 Laboi t orro- A Second 
Look ■ jtfcJfltfcV Lubor Review. November 1983. 
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Table 41:— y:S; Population by Age Groups, 1929-83 (thousands of persons) 



July I 



1929 

1933 

1939.. 

1940 . 
1941 
1942 
1943 
1944 . 



1945 
1946 
1947 
1948 
1949 



1950 

m\ 

1952 
1951 
1954 



1955 
19S6 
1957 
i95fi 
1959 

1960 
1961 
1962 
1963 
1964 



1965 
1966 
1567 
1968 
1909 



1970 
1971 
1972 

19>4 

1975 . 
1976 
197? 
1978 , 

-3 .. 

im 
ml 

1982 
1983 . 



Age (years) 



e-> Afmcd Fwces overseas beginnir^g 1940 Includes Alaska and Hawaii beginning 1950. 



Total 




Under 5 

} • • 


_j____5:ii . 


16-19 


20-24 


25-41 


1 

' ••'•-64 


ove* 


121.767 


11,734 


26.800 


9;i27 


10,694 


i 


. ' .076 


6.474 


125:579 


10,612 


26,897 


9:302 


li:i52 


37,319 


V 2,933 


7.363 


130,880 


io:4i8 


25,1 79 


9,822 


11,519 


39, 3S^ 


25,82'' 


8.754 


132,122 


:j:579 


24:811 


9.895 


11.690 


39 868 


26.249 


9.031 


133 402 


10.850 


24,516 


9 840 


11,807 


46.'583 


1 26.718 


9^288 


134:860 


11.301 


24:231 


9,730 


I Ili955 


40!B61 


I 27!i96 


1 9'584 


136.739 


12.016 


24.B93 


9.69? 


. 12,954 


41.420 


27,67 1 


9!857 


138:397 


12:524 


23:949 


9:561 


12.062 


42,016 


28,138 


10.147 


139:928 


12:979 


23:907 


9:361 


i 12.036 


42,52i 


23,630 


10.494 


141.389 


13.244 


24.193 


9,119 


12,604 


43.027 


29,064 


10.828 


144:126 


14:406 


24:458 


9 097 


li:8l4 


43,657 


29 498 


1 1 185 


146,631 


14,919 


25,209 


8,952 


11.794 


44.288 


29!931 


1L538 


149;188 


15:607 


25:852 


8:788 


11:700 


44.916 


30.405 


11.921 


152 271 


I6:4i0 


26:721 


8:542 


1 1.680 


i 45.572 


i 30,849 


12,397 


154,878 


17,333 


27.279 


8^446 


1 1!552 


46 103 


31,362 


12!303 


157 553 
160.184 


17 312 


2S 894 


8:414 


11-350 


46 495 


3 1 .SEA 


1 3*203 


17,638 


:i9.227 


8!469 


11.062 


46! 786 


32*394 


13!517 


163.026 


13.057 


31:480 


8:637 


10,832 


47.001 


32;942 


14.076 


165.9j1 


18,566 


32,682 


8; 744 


10,714 


47.194 


33,506 


— 
' 1 525 


168,903 


19.003 


33.994 


8.916 


19,616 


47!379 


34 657 


i -^.938 


l/l 984 


19 494 


35 272 


9:195 


lo!603 


47.440 


34*591 


i5!388 


174; 882 


19i887 


36!l45 


9!543 


19!756 


47!337 


35:199 


15!806 


177.830 


2C. 1 75 


37:368 


10:215 


10,969 


47:192 


35,663 


15,248 


180 571 


20 341 


33,494 


10:633 


1 11 34 


47:140 


36 203 


15 675 


18j;59l 


20]522 


39765 


ll!925 


1 1^483 


47!984 


36 722 


17 089 


186.538 


20 469 


41,205 


1 i:iso 


1 1,959 


47:013 


37:255 


17:457 


189 242 




41,626 


13 007 


12 714 


?6 994 


37.782 


17.778 


191889 


20!l65 


42,'297 


12i736 


13:269 


46^958 


38:338 


18:127 


194.303 


19, '724 


42.9 


13:516 


13:746 


46:912 


38.916 


18:451 


196,560 


19,208 


43,7..: 


14.311 


14,050 


47.00.1 


39.534 


18,755 


198.712 


10.SS3 


44 2«' i 


14.200 


15.248 


47:194 


40.193 


19,071 


2OO.705 


17.913 


44,6.w , 


14.452 


15.786 


47.7il 


40,846 


19.3G5 


202.67' 


17.376 


44.8^;.; , 


14.800 


16,480 


48:064 


41.437 


19:580 


205.052 


171166 




15.289 


17.202 


48.473 


41.999 


20,107 


207.661 


17.244 


4i,39i 


15.688 


18.159 


48.936 


42,482 


20,551 


209.896 


17.101 


4.1.203 


16,039 


18,153 


50.482 


42.898 


21.020 


211.909 


16.SSI 


43.582 


15,446 


18,521 


ii.749 


43.235 


21.525 


213,854 


16.487 


42,989 


16.759 


18,975 


53,051 


43.522 


22,051 


215 973 


16,121 


42.508 


17,017 


19.527 , 


5-'l.302 


43.801 


22.595 


218.035 


15,647 


42,099 


17.194 


19,985 


51.832 


44.008 


23,278 


229,239 


15,564 


41.298 


17.276 


20,499 


5/.56i 


44.150 


23.392 


222:585 


15.7-35 


40,428 


17.288 


20 946 


59.^'50 


44.286 


24.502 


225.055 


16,063 


39,552 


17.242 1 


2l,2i? 


61,j.''9 1 


44.390 


25.134 


227.704 


16.457 


38,8?8 


17.135 


21.612 


63.474 1 


44.493 


25,714 


229:849 


i6;943 


38.046 


16,682 


21.946 


55,495 i 


44.476 


26.260 


232.B57 


17.372 


37.620 


16,205 


21,935 


67,625 


44.474 


26,824 


234.249 , 

1 



























SOURCE OeDartment of Commerce, Bureau ol Census. 



tion thi/x'?h retirement (normal or early) 
reduce the population at risk of (Jfcolacement. 
However, involuntary retirevair is tanta- 
rnount to layoff, and it may I r source of 
effective unemployment. 

For those el gible for pensions or social 
security^J^abor force withdrawal is a more vi- 
ab!-^ alternative tc a prolonged job search than 
it is for 5 >ung:,r persons, who are less likely 
lb haviB aiterriative sources jf income.®^ 

•"^Philip L. Rbhes. "Labor Market Prbbl^rris of Older Work- 
ers." Monthly Labor Review, Mcy 198,1. 



BLS has fore( that the proportion of em- 
ployees aged 55 and older will f^ ±^_th? l_980ls 
aid 199b's^ in part because of miticipated de- 
clines in labor rui re participation/^ i^t the 
s ime time. tber<^ wil ': be growth in the share 
of 25^ to 54-year^ )ld employees, the prime age 
group: Change in the age mix (and other dem- 
ographic phenomena, such. as labor force par- 
ticipation rates), will also lead tu changes in 



yorce: 



J. FuUerton. Jr., and J. 'IscIietter. 'The 1095 Labor 
A -jnd Look," Monthly Labor HevTev . November 
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Table 42.- U.S. Population and tabor Force, 1929.83 (monthly data seasonally 

adjusted, except as noted) 



I nonmstt' 

■j uii-idnal 

; tibfi ' 



Res> 

Arme<J 
Forces ' 



L 



1.3 P.O^ I 

.esi- -csideni 

Armed j Forces 

Fdrces-J 



Civilian lanor force 



Fmploymenl 



OfifimplOY.- 
ment rale 



Agri- Non^gn 
ciiliural I cuilurai 



Oneciipioy- 
menl 



Thousands persons U years of age an d over 



1929 

1933 

1939 

IS40 
1941 
1942 

I9n 
I ■ » 

1945 
15.16 
l'J4; 



1947 . 

1948 

1949 

1950 
1951 
1952 

;9S4. 

1955 

1956 . 
I95Z 
1958 . 
1959.: 



99:840 : . 
99.90G I 
98:640 ! ; 
94.640 I 
93.220 1 
. I 



-94.090 ! 

I03:r/Ji.. 
106 '.liar. 



49.180 

51.590 

55.230 

55.649 
55:910 
56.410 
55.540 
54.630 



53.860 
57.S29 
50:i68 



47.B30 


10:4f)0 




3/;:' 00 


38.760 


10.090 


28:6^0 


45.750 


9.610 


35.140 


47.5:d 
50;35Q 
53.750 
54.470 
53.S60 


9.540 
9.100 
9.2SQ 

9:Q8a 

8.950 


37.980 
41,250 
44.b00 
45.330 
45.010 


:.2 820 1 8.580 
35.2501 8.320 
57;812i 8,256 


..... 

-■.930 
••^.557 



Thousands of persons 16 years of age and over 



1960 » 
1961 
19S2» 
1953 . 

1964 . 

1965 . 
196^ 
1967 . 

mi 

1969 . 



105.068 : 
'03.994 i 

1Q4.995 i 
104.621 ! 
1Q5.231 i 
107:056 i 
108.321 i 

I 

109.683 ; 
110.954 1 
1122651 
U3.727 ! 
115:3291 

117:245 i 
118.771' 
120.153 t 
122.416; 
124.4S5I 



I 59 3501 57.0381 



I 60.621 
I 61.286 



58.343 
57.651 



1,169 i 
2.1431 
2.386 I 
2:231 i 
2.1421 

i 

2.QS4I 
1.5651 
1,948 1 
1.84/1 
i:78Si 



- I 



i:8&i I 
i.9Qe' 

2.06J i 
2.0061 
2 0181 



63.377. 1 
64.1601 
64.524 i 
65:2461 
65.7E5 

67.087 I 
68:517 ! 
68.877 i 
69.466 t 
70.157 I 

71 489 ! 
?.^j59t 
72:675 I 
7:.'?39l 
75.1091 



60.087 i 62.208 58_.9l8 
62.104 I 62.017 59.961 
62.6jo! 62:i3Sl 60;25C I 
63.410 63.015 61.1791 
62.251 63.643 60.1091 



54.234 I 65.023 
65:764! 66:552 
66.019 I 66.929 
64,8lJ3 1 67:639 
66.418 I 63 369 

I 

67.6J9I 59.628 
67.646 i 70.459 
68:763 I 70.614 
69.7681 7^.833 
71:323 i 73.091 



1970 
197 i. 
1972? 
1973* 
1974 

1975 . 
1976, 
1977.- 
1978* 
1979 

1980 , 
1981 
1982 ^ 
1933 



126 513 

i2a:o5a i 

129 87' i 
132.0?S1 
: 34.335 I 

I 

137.0851 
140.2161 
144.126! 
147.Q96i 
I50:i20l 



;53:i53 ! 
156.1501 
159.03: . 
161.9101 
164.863 i 

167.745 I 
170:130 I 
172.271 1 
174.215 i 



1.945 i a5.4GI| 
2.122 i 77.892 1 
2.218 I 79.565 1 
2:253 i 80:990 I 
2 228 ■ 82.972 1 
. 1 

2.1181 84.8891 
1.973; 86:3551 
l.S13i 88.847 
1.774; 91.203! 
1.7:: i 93.670i 

1:6.78 1 95.453! 

1.668 i-97.826! 
I 6561100:6651 
1.631 1103.8821 
1.59;:106.559! 

_ 1 I 
1.604 '108.544 I 
1.645 110.315 I 
1.6581111.872 ' 
1 676 ^13.226. 



73.034 i 
7^.017 I 
76.590 ' 
78.17; 
80.140 I 



62.170 i 
63.7991 
64.071 [ 
63:036 I 
64.630' 

65.7781 
65.7451 
66.7021 
67.7-62 I 
69.3051 



89.796 ' 
81:340 I 
83.966 I 
86:838 I 
88.515 1 



74 

7'i.''7G| 
77.347 I 
78.7.37 1 
8d./34 j 

82.771 1 
84.3.82 I 
87.034 1 
89:,429 I 
91.949 I 



/i;0881 
72.895 i 
74:3221 
75.920 
77.9021 

78>6?8 1 
7?. 36 7 ( 
82.153 
85:064 
86.794 



87.524 1 93.775 
90.420} 96.158 
9J 6731 99.0O9 
97.679 llQ2.25i 
IP J21|1P1:962 



85.846 
88.752 
92.017 
96.048 
98.824 



K. IC'- 1106:940 I 99.3Q3 
lOt. 42 1108.6/0 I1D9.397' 
101.194 i!l0:204i. 99:526 I 
102.510 111.5501100.834 ; 







7.8901 


49,148 { 


7:629 1 


50:/ 14 1 


7.658 


49.993 ! 


7.1601 


5i.75P i 


6.7?& 1 




6,5L10 ! 


3-' t 


6.260 


■- ■;.9i?' 


6:205 


?3.r4i 


6.450 


55;7^2 ; 


6.283 


57.514 


5.947 


58:i23! 


5.586 


57,4501 


5,565 


59.065 1 

i 


5.458 


60.318 i 


5:200 


60:546 i 


4.944 


6^.759 f 


4,687 


63;0ih ; 


4.523 


54.7821 


4.361 


66.726 1 


3.979 


68.915! 


3:844 


70.527 i 


3.817 


72.103 1 


3:606 


74;2D6 1 


3.463 


75:215! 


3.394 


75.972 i 


3.484 


7.8:659 ' 


3.470 


81.594 1 


3.515 


83.279 t 


3.40S 


82.438 I 


3:331 


gS.421 1 


3.283 


88.734 1 


3:387 


«2;661 1 


3,347 


95.477 i 


3.364 


1 95.938! 


3.368 


i 97 030 1 


3 4C1 


1 96.125: 


:.383 


i 97,450 1 



I 



1.550! 
12.830< 



_AIL. 
wond- 
ers' 



Ubar (orce. 
paritcip3lion 
rate 



CivjJ. I I 
lan 1 - 1 
wxif>- iTolaP i 



CiviU 



9,4501 

i| 

8.I2Q' 
5.5601'.. 
2.660 i 
1.070 :i. 
67011 

l.04Qli 

2:2 ;q^' 

2.356.:. 



2.311 .•::: 

2.276 ;i . 
3,637 iL. 



.;055!' 



3.532 



32 
74 3 

} / 2 



2.852 li 
2 75n,. 

2;S59'; 

4.602 ■■ 
3,740 1; 

3,852 1 
4.7141 
3.9U. 
4.0701 
3.786 li 

I! 

3.366:! 
2:375 !j 
2.9751' 
2./^ '71; 
:,d321i 

- i 

4.093 I • 
5.016 i I 
4;882'i 

4 '^^51: 
- 1 

7.929 i 
7,406 1 

6 991 

6.2021' 
6,137 • 

.S 273 11 

10.67' 

10.717 



: • I - 

; 7 ; . 

I.. 

\2\:. 

! 

1.91. 
3.9 L 
3.91.. 



3.9 

3.8 i. 

5.9 1:: 



4.3 

4 0 

4.2 
6.6 
5.3 

5.4 
6.5 
5:4 
55 

5 0 

4.4 j 
3.7 
3.7 
3.5 
34 

48 

5.S 
5.51 
4.81 
5.5 

83! 
761 
6:91 
6.01 
5.8 I 

7.0 1 

7.5 i 

9,5! 



55 7 

56 0 

57 2 
58.7 
58:6 

57 2 
55.8 
568 



583 
58.8 

58 9 

53.2 

59 3 
59 0 
58 9 
58.8 

59.3 
60.Q 
59.6 
595 
59,3 



i,3! 59 7 

3.3 1 60 ; 
3d! SCO 
29' 59 7 
5.5 1 59 6 

4.4 I oQ.Q 
411 60:7 
4)1 60 3 
6.&I 60.1 
5.51 59.9 



5.5 1 60.01 59.4 

6 7 en.dl 59.3 

5:51 3^: 58.8 

57! 59.31 58.7 

5:21 59:4 i 58.7 

4.: I 59 5! 58 9 

3.8! 59.81 59.2 

3,8 i 60.21 59 5 

3.6 60.31 59 6 

3.5 60 8; 60.1 



61 «n4 

6G:Z| bO.2 

60 91 69 4 

6131 60:8 

61.7 I 61.3 

616* 61.2 

62 di 61/ 

tj2.6; 62 J 

63.51 63 2 

64 01 63.7 



7.1 i 64:il 63 8 

7.61 64.2' 63 9 

97 i 64 31 64 0 

96! 64 4; 64.0 



! Not.seasot -I* adj.usied. _ __ ' , 

' Ovman i.,i)or lorct as ceic.:ri oi civilian nwi,:MitiU.on3i_MOuIiliori a..,.n,„5 1953 isiroaucUon of 1950 census 

affected. 



SOORCE: Depart Tient cf Labor. Bureau of Labor Statistics. 
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aggregate buying patterns ^ which witi in turn 
affect production and employment. For exam- 
ple, spending by and for older eftizehs will 
grow jn absolute terms and relative to spend- 
ing on child-rearing expenses. 

.Given the tendency of employers in the 
United States (and other industrialized jia- 
tions) to reward seniority^ by lowering the risk 
of layoff as tenure rises, the lossoHob oppor- 
tunities associated with programniable auto- 
mation or business slowdowns first affects 
younger workers and new job seekers.®® Many 
analysts beHeve that slow growth in the num- 
bers of young adults wiH lessen competition 
for manufacturing jobs, Jowering the risk of 
unemployment in mahufacturihg industries. 
This may particularly affect durable rnanufac- 
turing, since workers tend to move but of jobs 
in those industries as they age. Also, while 
middle-aged workers are generally riot re- 
cruited for entry-level jobs, they moy begin to 
fill such jobs in the wake of the decline of 
younger worker groups. Declining numbers of 
young worker^ : . Iso have a favorable_ef- 
r^ct ( h uner^i.id^ nt rates generally, since 
teeha . . .*nve accounted for about one^tenth 
of the population hut B^^ r one-fourth of 
cyclical employment variation.®® 

An. older labbi' force means a rribre experi- 
enced work ibrce. Shbrtp.ges of experienced 
wbrkers have been cited by employssrs in the 
past as ajustif cation for aut >mating. For ex- 
ample, rnanufacturers have cited the aging and 
retireihent of experienced metalwqrking crafts- 
nieri as a motivation for automating machin- 
irig operations. On the other hand, new tech- 
nology, especially rapjdiyjriianging technol- 
C'gy, may make fresh training more important 
than experience foi^ some categories of tech- 
nicd personnel. This is 1 elie^^ed to be_increas- 
ingly so for engineers, for example.^ SkiDs c»b- 

"See, fbrevample. Robert E: uatl; "The itnpoftanc& of Life- 
time Jobs in tSe U S. Elcjuibrhy," AVnencnn Ecoriormc Review, 
vol. 72(4). Sepi »mber 1982. 

"* U . S. Deparr.meii t c . I .abo - < ) f f ice of the Assis tant Swrretar}' 
for Policy. Evaluation, an:) lti"^<?aroh, "The Demographic Corr«- 
positibn of Cydicrj Vari^tibris iil Employ men t, " Technical At\~jV 
ysis Paper Slo. 61, Jajiuiiry, 1979. 

""jplouBlas riraddock. ''tlng:meers--Hi,^ r^ Thfi^ Average Risk 
of Obsolescence?'* OccupationnJ Ou*^l'Kfk Q'j2rter}y. summer 
1983. 
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sblesceride may inhibit the substitutidn of 
more available middle-aged arid older workers 
for declimhg humbers of ypUriger workers, or 
it may stirriulate industrial retraining. An in- 
crease in the incidence of unemployment 
among older workers may raise new cor eras. 
Once displaced, the oldest workers (5i> and 
over) apparently have the longest jpeUs of un- 
ernployment, are most likely to suffer p^o^ cuts 
upon obtaining a new j ob after b^ing unem- 
ployed, and are least likely to change occupa- 
tions.^* A niajor uncertainty is whether and 
how employers will adapt their personnel prac-.: 
tices in response to new teehhblogieal and 
demo^aphic conditions. 

The contrast between the Um^^ 
Japan in rates and extent of adoption of prch 
grammable automation reflects in pOTt their 
differences in population and age stracturje. 
The <) apanese population aged more quickly 
than that oj the Umtad States (reflecting the 
lack of a **baby boom'' in the postwar years 
comparable to that in the United States) (see 
table 43). Since theiate ISBD's, the Japanese 
have experienced labor shortages th it helped 
to motivate their adoption of PA. In part, 
those shbrtages arose from slow grcwtli in new 
labor force entFantsj in part, they grew out of 
nacibn£d hbrrhs^ including low'^ ' female labor 
force parcicipafibn, prefererico ^Mr single-shift 
ernployinent, ea^^^ mandatory r^ tirenieiit (be- 
tween 50 and 60), and §Towi ig '.jT.>wilEngnes 
of high school graduates to do unpleasant 
physical tvorlj.®^ 

Finally, :he JJ.S. labor force will also^develc^ 
a "new lobk" due to growing proportions of 
rninbrity and ferriale worket s. Programmable 
autbrhatioh may have ail important effect on 
minority emplbymerit, ill particular, since 
blacks arid Hispanics are now relsK , Air well 
represented in manUfacturirig: jobs, especially 
in tho lower skilled operative and laborer 



Philip Rones. " i he Labor Market Problems oiOlder 
V arid Malcolm H: Morrison, "TL Aging o.' the U.S. 

1 :idh: Human Hesouro' implicatibria loth iri Monthly 

LaMprJieyiew/May^l^ 

"See Robert E. Cole. \' r'_''*ticiVTtJp_n and C ?^^^^ ese 
Indastfy," paper prepare ior Conference on I'rrducuvit.y, Owti' 
er hip, arid J^articipatioiv, j^gency for JnteniatioB^ Deve* . 
n^cnt, U.S. Department of Labcr, May 1383; arid Kazu'^ Koike; 
•'Japanese Workers in Large Firms." 
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ars of age) 

- ?4 (years 

- 4 ... 
9 . . . 

- 14 . . . 



~ 64 (uears of age) 

- 19 

24 

29.. .; 

34 . 

■ 

44 

49 . . 
-54 

^ 59 : : . 
64 



and over 

-69 ... 
- 74 
~ 79 . . 
: 84 . . 
and over - . 

3r^ni total 



Tab le 43.— Japanese Population and Forecast (both sexes) (thousand persons) 



-A3S0- 



29.428 

9.523 
8.700 

49 653 
8.568 
7,72e 
6,185 
5.202 
5,0.48 
4.483 
^J.005 
3,389 
2.749 
2,304 

4.109 
1.771 
1,282 
686 
276 
95 



83.?' 
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___196Q 

28:067" 
7 844 
9.2d5 

11.018 

60.002 
9,309 
8<3i8 
3.209 
7.518 
6.038 
5.019 
4.817 
4.201 
3.641 
2,932 

5,350 
2.160 
1.564 
955 
483 
188 

93.419 



1970 



r980 



1990 



24.823 
8.806 
8.159 
7,858 

71,566 
9,Q6^r 

10,660 
9,089 
8,372 

'8,207 
?;340 
5,878 
4,805 
4,425 
3,726 

7:331 
.2,984 
2.134 
1,268 
550 
296 



103.720 



2/.546 
.8.564 
10.035 
8,947 

78,790 
8.232 
7:811 
9,073 

10.786 
9,215 
8,322 
8,092 
7.155 
5,632 
4,469 

10.f.^Q 
3.939 
2.99? 
2,02^ 
1.088 
533 



116,946- 



23,327 
7,QQ2 
7.862 
8.463 

86,325 
10,007 
8.9.1.3 
8,183 
7,758 

9,cia;: 

10,67^1 
9:082 
8,132 
7,803 
6.766 

14:609 



2000 


2010 


2020 - 


2030 


2040 


2050 


21.180 


22,210 


19,402 


17,588 


17.865 


15,96.0 


7,427 


7,162 


5,897 


6.022 


5.816 


4,924 


6.823 


7 091. 


6,410 


5,724 


6,084 


5,275 


6,930' 


7:357 


7.095 


5.842 


5.965 


5,761 


86,880 


82.942 


78.343 


75.747 


55,578 


64.465 


7.847 ^ 


6,813 


7,680 


6.402 


5 717 


6.C75 


8,4^0 


6,915 


7,342 


7.079 


5,830 


5,952 


9:964 


7,8.19 


6,788 


7.653 


6,378 ■ 


5,696 


8,868 


8,406 


6,886 


7.312 


'^,051 


5,806 


8.135 


9.918 


7,782 


6.757 


Z,6.17 


6,349 


7,697 


8.808 


8,349 


b,839 


7,262 


7,002 


.8.897 


3,048 


9,811 


7.'^9g 


6.684 


7.535 


10,481 


7,572 


8,663 


8.211 


6,727 


7,142 


8,819 


• 8,651 


2,824 


9539 


7,458 


6.498 


7,732 


9,992 


7,218 


0.256 


7:827 


6:410 


21. 17^- 


26,964 


31,029 


29.479 


29,590 


28.872 


•77 


8,15.1 


7,99^ 


7,226 


8,811 


6,913 


1 


6,780 


8:7f8 


6,32V 


7,231 


6,85e 




5,769 


6 5^4 


6.425 


5,801 


7,07.4 


2,Dod 


^.033 


4,694 


''■057 


4,376 


4,994 


^^4a9_ . 


.2.181 


3,029 


3,444 , 


3,371 


3,035 


129.234 


132.1 16 


128.774 


122.814 


116,033 


109,297 
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categdries (see table 44). Mjnorink 
be well-positianed in the event that mantxfac- 
turefs seek to upgrade educatior al qaalifiea- 
tions, since they are much more Hk^ly than 
whites to have fe^vei than 12 years ox educa- 
tion (see table 45): Also, minorities are dispro- 
portionately Hkely to_experience labor market 
discouragement.^^ FinpJly, while working 
women are principally employed in trade and 
service industries, about 15 percent work in 
manufacturing, \lmbst half of female manu- 
facturing persbhhel are operatives, an occupa- 
tional category especial'/ susceptible to dis- 
placement.'^^ 

Japanese Mechanisms of Adjustment 

Given thv? ; • 3a t attentibri hbw paid to Jap- 
anese manutaeturing practices and labor 
management relations, it is useful to examine 
how Japanese firms have adjusted their work 
forces with the adbptibh of autdmatibri dur- 
ing periods generally characterized by dutput 
growth. Japanese experience reveals that the 
ujiique industrial and social stratification prac- 
ticed there shapes— arid td some extent ob- 
scures^the ihcidehce df displar^^Tnent. 

Japanese manufacturers who autdrnate 
often protect their wbrk fbrces by altering 
their use bf subcbhtractbrs and suppliers, 
tr-./isferrihg persbhhel, and changing work 
hours, as well as by ihcreasihg output. These 
aro fairly cbhvehi iorial approaches worldwide^ 
Kbwever, other Japanese practices are rnqre 
peculiar td the Japanese context^ and are now 
a source df controversy in Japan, as they 
wduld certainly be in the Un/ted States. These 
include the **preferGntial' * laying off o^f workers 
suci: as womer, p'v:t-time, temporary, and 
middle-aged ?3nd older people. 

A recent Japanese survey reported de- 
creased reliance oh voutside firins and the in- 
terhalizatidh df mdre aspects of production, 
v/ith ah acodmpaiiying 20 percent or more de- 
crea? ) in v/dm-^n and part-time (mostly female) 



"Philij) I.. Rnries, "Tho Lahor iMarkpr Prableirs of Older 
\V(>rktTs/' A^;nr/77v /.a'j^)r /^cvi'^iv. May : j8:i.- 

/•U.S. nopartr.jent pn.ahor, Hxire^^ of Labor Statistics, Ew- 
plhymiTit and Ksr^^'n^r*?. Mc.»y .983. 



workers. At the sahie tirhe, the use Of micro- 
electrbnics techhblbgies had wrdugl consid- 
erable changes for 70 percent df users. Work- 
ihg hbtirs fell (dr a secdhd shift was adopted), 
and dh average, prdductidn employ rnent fell 
by 40 percent, with affected personnel being 
absdrbed by transfer to other work.^^ The 
survey df Japanese electrical machinery 
wdrkers reported a 60 percent oyerall decKne 
in staffing caused by microelectronics, affect- 
ing peripheral as well as immediate tasks; 
more often than not., temporary and part-time 
enipjoyment Jell first with the introduction of 
microelectronics.^^ interestingly, that purvey 
reported that workers perceived a prbblem of 
understaffing. 

Mdre detailed evidence comes from recent 
Japai'A^se case studies. In one transistor and 
integrated circuit plant, before autornation, 
there was one person^ per rnachine; ^fter auto- 
mation the ratio was^o^e to two, production 
scheduling went from multiple to two j^Hits, 
aiid people were laid off. Jn a relay-ni.. nv^^o 
tui ing plant, the introduction of robbts ie^ ..^ 
a reducti on in overtime and the allbcatix>ri j f 
workers to other tasks elsewhere in the plant. 
The adoption of an autbrhatic cbmpbneht prdc- 
3ssing systera in ah electrcnic cash register 
plant resulted in a wbrk force decrease frdra 
00 to 65 (chiefly by laying off wdrh'eh) and the 
movement bf work (20 percent) in-hduse thttu 
was previdusiy perfdrmed by subcdntractarn. 
Finally, ah automobile manufacturer fouad 
that rdbdts alldwed the direct labor time re- 
quired in small-car manufacture to decHiie by 
about dhe-half during the I97d's, but output 
^dwth allowed empldyment to rise. However, 
seasonal and temporary employment fell.^^ 

These practices reflect the f£^t that the 
vaunted Japanese syste;i. of '/permanent em- 
plbyrheht" is largely limited td male workers 

'''"'Ministry df Labor Report bri Mici^lectrdnics and Its. Im- 
pact on Labor." cable from American Embassy (Tokyo) to U.S. 
Secretary of State. August 1_9_83, 

**DenkiRoren, ''Sorvaya OP the Impacts of Micro- Eiectrgmcs 
and Our Policies Tdwarclis Tecnndlo^cal Innovation/' paper pre- 
sented at the -iti IMF World Conference for the Electrical and 
Elect! Jnif s Industries, Oct. 3-5. 1983. 

"Japar Labor Association. **A Special Study Concerning 
TeC'iiSdldgical Innovation and Labor-Management Isolations.** 
Interim Report. June 1983. 
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Table 44.— 'Minority Employment Patterns i 

employed black Bnd Hispanic origin workers by occupation 'numbers in thousands) 



^Occupation 



Toui, 16 yean and over 

WhiJe-collar wofKfft 

Pro.lt^iionjl jnd t*K:hnicjl 
Hti[th wcyktn _ _ _ 
Tf*cf>p«». fjiceyt collrqe 
Other (vofffstonjl and technical . 

MjnaTert <r>ij 4(iminif tr Jtort. fscept farm 
SiiJjrtril •vDikfrt 

Srif eriHJioved *^otkffi, ejiceot retail tradr 



Sa)«t wirkpfi 
Be tail troile 
Other induitriei 

QeriCJj (workers 

Stervogr^phen, tvtiiili. wcf<*ljrit?i 
Other cleric<il w^orkm 

Siue-coiisr workers 

Oatt and kindred worker t . . 
Cjrp«nteri 

Conitruction cr^rr wd'ken; escept cafu«fitpr» 
Mechjmci and t«fpd)if>ri 

cr» ft AYP/J'*/* 

Blue-cuttjr worker ^uprrwuori. ftot rlwrwherr 
c.'a«i<«i*fl 



1987 



P«ro«nt of tof«l 



99,526 

53.670 
16.951 
3.263 ' 
3.266 
10.522 I 

U.69:J ! 
9.630 
838 
1.026 { 

6.580 j 
3.310 
3,270 j 

IB, 5^6 I 
6.855 j 
13.591 

29,592 
12.272 
1.08.2 
2.509 
3. 58 
• .169 



1 .6&8 



9;2 

6.6 
6.6 
7.3 
9.0 
5.3 

3.9 
6.0 
3.3 
3.5 

3.8 

2.8 

9.6 
7.5 
10.1 

10 ;9 

6.7 
4.2 
8.6 
6 .2 
7. 1 

6-1 



Hiipanic 
origin 



5. 2 

3.5 
2.6 
2.5 
2.6 
2.7 

2.9 
2.8 
6.8 
3. 1 

3.3 
6.3 

2:3 

6.8 

6. 1 
5. 1 

7.5 
5.5 
6.9 
5.6 
5.6 
5.1> 



Occupation 



I ft. pi 



Otft.pijid kindrtd workan — Continued 
All pttitr crttt worker* 

Operitjvei. except ti import , 

durable goodi manufaciurinq . . 
Nondurabitf goodi mjnufacturtng 
Other induMnei ...... . . . 



Trariiorirt c^uijjrrient operatives 
Orivflr^^motor vehicles 
All other 



Nonlarm laborer* 
Construction . 
Ma_nu racturmg 
Other industrirs 



Service workers • 

Private househftld «(vorkefs 

Service work^i ., fj^cept pn-.-jt*" household 

Eood service workers 

Protective servtre woi'ters 

All othfff 



5.2 



Fjrrn v^urimrs 

Farmers and f-. "n miri.^;jef s 
T-Ai n iatiorers a- d su;.^rvj»ors 
Paid wvorkrrs 
Or.j-a'i) "»rnilv Aorkers 



19S2 



Total 
employad 



2.667 

9.629 
3.966 
3.056 
2,609 

3.377 
2.921 
656 

6,519 
722 
880 

2,916 

13.736 
-1.062 
12.694 
6.760 
1.566 
6.388 

2,723 
1.652 
1,271 
1 .028 
266 



Ptroenf of total 



6.6 

13.5 
12.5 
16.3 
11.5 

13.1 
12.5 
17.5 

15. 1 
16.6 
15.7 
16.6 

16.7 
28.2 
15.7 
10.2 
13.8 
20.6 

5.3 
-1.2 
10:6 
12.7 
.6 



origin 



6.0 

10:0 
9.8 

11.2 
8.8 

6.5 
6.1 
9.2 

8.2 
10.7 
8.6 
7.5 

6.3 
8:2 

D.2 

6.6 
6.0 
6.5' 

7. 1 
.6 
16.5 
17. 8 
.6 



Employed bitir \ ano yi'^paytfc drlglh wdrkWs fey tnd^ji ^'fry (nombers in thoasands) 



Total, 16 v«ars jniJ over 



Agr iculture 
Mir^inq 
Construe' 'on 
Maaut3Ctur<ng 
Ourable.qcr>ds. 

Lu'tibfr and wood products 

Fur«.^ture <ind li«tiJ*es 

Stone, clav. and qla.« pfoducts 

Piimary metal inrJusrncs 

^'-^/T.jied metai prucucts 

^Vrf^-' fry. esCfpt i-lrcrncal ^tn- — ^ 

•rlcc 'cal e«j. .ipmrnt 

Tr^nspOf 'J."^ •".liiiprr.ent 

Aut'Jf^i ■''ICS . . _ . . 

Oth<»r tro'isporuri-.j. (MjuiPfwrti 

Ini.'ruments an 1 teljlt^l pimtuc'-. 

Other dijrab'f o<j-»us loil .;:ni«'. 
Nci* ah'e qooilt 

4.-.d •ir.jr.-l :>»u(l\Jri^ 

I w r.ile mill <s 

ApllJv ir.d«-th,'» t^«f;le prtxJur'.s 

Papf f a - ■• i_ '.«aJuc ts 

P';Otin«J or<d , vjt>.iShing 

■-.-•..iin.als t .J product; 

Rubber a n< u\a- -( prrjOud-- 



P»'r.«nt oi i'Jtal 



Total 
tmp<<»v«i 



99. 52^^ I 9.2 



3.601 ! 
1.028 I 
-5.756 ; 
I 20,286 j 
: 11,96.8 
62" I 

i ^oi i 

' 539 ; 
! 925 ! 
! I .266 I 

:.55e j 

2.293 I 
I 1.931 ! 

s:»3 : 

1 j ,b7P. I 

' 600 [ 
, 752 

' 6^8 ! 

t i.i:-? . 

1.6;: ' 
i.2n 1 

6-.J I 



5.5 
3.0 

6:6 
9:6 
8.6 
n.7 
'i 5 
".5 

'■ . i 
J.l 

5.8 
7.6 
V .6 
13.7 
9.6 
7.2 
-6 .0 
10.8 
IJ.i 
IS. 3 
13.6 

:o.2 

3 . & 



Hispanic 
c.ligin 



5.2 

7.6 
5.6 
5.3 
6.5 
6.1 
5.6 
11.9 
6.0 
7.7 
8.0 
6. 7 
■S.O 
3.6 
2.7 
6. *. 

6:o 

9:.'i 
7.0 
9.6 
A. 1 

3.9 

'S. S 

y.s 

7.0 



Naiidurahle goods — Corumued 
I Other nondurable qoods industries 

jTr jnspo'tation and public ytihtie^ 
I .Railroads irid railway exortrss 

Other !>■ miro^tation 
I Corr-. icationt and other publi<: util 

[Whoi?s-»iJ* J-'X' retat) trade 
Whcie«j ' trade 
Retail trade 



Financr! 



3ncs. aniJ 



'estate . 



Service jndu^trirrs 
Private hou rr^old 
Othijr sc. vice tndustrip* 
8u« ness repHir serv t-' 
Persons' ."'vices 

Eotertainmeni ^r>d • ^cr'j'.on scr • 
Prnlcssional servi/'t, 

Med;, '. . vcc^ t hospit.i: 

Hosoitais 

V't-!'jitf arc' "eliqion 
Educ.-it .T 
drher 
Forr.'ry O'xi I..!; ■ -c* 

Puolic iKlministr jl i<; . 



ampJoyad 



Percant o.- total 



58? 

6,552 
669 
3.12J 
2.961 

20.758 
-6.120 
16.6: 

6.27C 

3C^,250 
i .i71 
PSS 

fi;452 

1.138 

3.5ie 



12.6 

11.0 
10.0 

11. b 

j 1.2 

6 5 
5.4 
6.8 

7.7 

ii.4 

26.5 
10.7 

8:6 
11.3 

6.9 
11 .6 
11.1 



7.1 

6.8 
3.0 
5.7 

5.0 
6.8 
.0 

6.6 

6.6 
7.8 
6.6 
5.6 
6.9 
6.6 
3.8 
3.9 



JOURC^S: ij.Z. Oeparl'nef t -'f Labof. L-rp}jyrT!ent a'^d Earnings (r.ousf data, annual r.veragos). May 
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Tabie ^Si-Relatir? idacational Attainment (years ol scHool completed of the 
civilian labor lorce by age, sex, and totai race: 1980) 



Tolal 



Bl.';(;' 



.AMncanlndltn, !:.\<MMi_.. 

Eskimo, and Aleui Pacific Isiander 



Race, n.e.c. 



ciniiea Stales 



Male- - Ferriaie 



Jmiiymmdmer.... 59,926,')8S 44,523,329 

Less.lhan l2.yearsolscliool 16;222;652 ]£l,159,951 

1 2 years ol school ,,,,, 2.1 ,080,014 18,733,366 

13 !.9J.5 yea/s pi school 10,858,576 8,853,090 

16yearsoi school,, 5,961,883 3,928,845 

17 or more years ol school 5,803,363 2,848,077 

Tom,16ro19 feats . . . 4,327,040 

Less lhan 12 years ot school ... 
12 years ol school.:.::::.:.::,, 
13 '0 15 years ol school:: ::.::: 

16 years ol school, . :;.::.: :;;::: 

17 or more years ol school :.::.: 

Total 20 to 2^ Ws 8,263,921 

Less lhan 12 years ol school 1,592,999 

12 yesfs bl school 3,792,265 

13yearst615years6lsciiobl ... 



5i:884;626 
12,911,874 
18:596,168 
9:?53,4Q1 



2,744,6i. 

1,355,987 
225,867 
40f- 
12t' 



'47 



■M 

16 

^•60 
802,539 
3,219,990 
?,i4?,726 2,292,112 



16 years dl school. ., 584,405 7l2,3l5 

17 or nMreyeiifsbl school 151,525 133,004 

Total, 25 \o 2Syem , . . 8,619,669 6,464,535 

Less lhan 12 years ol school ... . 1,250,521 698,572 

12 years ol school 3.195,756 2,531,940 

1310 15 years ol school 2,094,412 1,591,830 

16 years ol school . . , . . . ^ 1,224,142 1,033,079 

[7 or niore years ol school .854,838 609,064 

mt 20 m 34 fern .:::::::::::::: 8,035,553 5,647,299 

Cess lhan. 12 years ol:schoo! ::::::• 1,160,683 - 756,784 

12 years ol school:.: ::::::::::::: 2:579:525 , 2:331,754 

13 to.i5years_o.l.school ..:, 

16 years 0.1 schooL :. 

17 or more years ol school .' 



],67D;915 ■ 1:252,612 
1,189:947 676,855 



1,234,483 



[35 to 39 years 6,334,497 

., 1.229.649 



726,6 
930,918 



629:294 

4,574,260 
813,962 
2,038,954 
874,367 
425,028 
421,969 



Less thaii 1? years bt schbol 

12 years bl school 2,237,539 

13 io 15 years of schcoi 1,159,738 

16 years of school 

17 or more years of school 

roial, 40to69years 23,501,469 16,344,045 

Less than 12 years ol school 7,795,530 4,776,175 

12 years ol school ! 7,758,238 7,023,508 

1310 15 years of school 3,271,^31 2,461 ,227 

16 yea's of school 2,173,016 1,052,391 

17 or more years oi school 2,503,304 1,030,747 

MaUOmsMdom. 844:339 5.1.1:619 

Less.lh.an..l2j/_e.arsol school 448:470 262:772 

12y.ea.r.so.l.scM...... 160:704 130,48.1 

13 t.o..l5. years ojjchool 93,687 65,702 

16 y.ears.o.i school. , 63,312 28,71 1 

17 or more years ol school 78,156 23,953 

'..ec-Nolelsewherflcl.i3silied, 
jour' "g( ol iho Census. 
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5,308,350 

3.723,280 
2,326,551 
1,197,645 
1S3,645 
321 
118 

6,972,907 
1,180,568 
3,259,965 
1,856,557 
533,631 
136,986 

7,291,610 
893,364 
2,711,880 
1,793,909 
1,118,074 
. 774,383 
6,880,960 
- 843,409 
2,205,051 
1,620,551 
1:090,094 
i:i20:855 

5,466,520 
"32,100 
1,964,043 
1,019,616 
663,482 
887,279 

20,/35,939 
6,349,701 
7,104,§07 
2,974,826 
2,043,231 
2,3.13,674 

763:410 
386:.18t 
152,077 
89:297 
60,800 
75,055 



Female 

37:307:26?" 
.7;?7i:259 
16:143:347 
7:476:901 
3:450,474 
2,465,288 

3,299,319 
1,755,939 
1,271,856 
271,073 
405 
46 

5,957,291 
570,260 
2,706,832 
1,925,094 
. 637,534 
.'.15,571 
5,256,841 
467.608 
2,056,606 
1,298,401 
903,150 
531,076 

4,589,364 
516,412 
1,925,320 
1,021,973 
583,029 
542,630 

3,778,441 
579,941 
1,741,774 . 
731,276 
365,752 
359,698 
13,977,101 
3,665,359 
6,317,026 
2,167,274 
933,699 
893,743 

448,912 
215:740 
121,933 
61,8.10 
26,905 
22,524 



Male 'tm-iio 



5,33f : 
2:i9(Mi0! 

i:eo5:i.'.:. 

871:704 
246,877 
215,998 

393,790 
269,180 
108,070 
10,494 
46 

835,619 
237,959 
377,032 
185,589 
28,506 

...6,533 
847:620 
199,207 
350,632 
196,268 



34,013 

728,309 
184,164 
276,010 
157,950 
54,15 i 
46,024 

556,144 
188,021 
206,858 
94,509 
31,379 
35,377 

1,907,687 
1,063,416 
480,805 
205,631 
65,767 
92,038 

61,623 
48,856 
6,003 
3:253 
1.528 
1,983 



',';iii;233 

.Mm 

I:01B,719 
315:042 
237,939 

356,351 
l92,fl09 
132,581 
30,924 
37 

860,510 
147,281 
383,484 
266,266 
53,656 
_..9,823 
864:187 
147,419 
359,717 
215,174 
88,389 
43,488 



155,276 
. 317,065 
172,246 
56,713 
49,594 

570,894 
159,539 
232,939 
, 108,282 
34,142 
35,992 

1,795,396 
855,221 
539,023 
222.661 
80,593 
97,893 

53,212 
40,548 
,6:842 
3:166 
1,507 
1,149 



Male 


1 wlllQIW 


Male 


Fprn^lp 


Male 




333,571 


250,908 


947,280 


8?5,596 


1,430,219 


887,912 


127,689 


81,413 


168,430 


170,231 


KMX iPiWK 

823,856 


438,755 


116^474 


^3,175 


215,261 


A-K J irjIfWE 

234,536 


356,701 


274,656 
127,63(i 


61,-129 


5i;557 


193,337 


!Z8,275 


179,005 




iu,J4y 


4 iO i AC 

14o,14o 


127,914 


38,165 


25,(b6 




0,*t 1 J 


W 1fl7 








29,623 


24,531 


49,033 


45,693 


131,314 


95.694 


20,725 


15,077 


28.259 


23,190 


99,935 


62,132 


8,034 


8,274 


15,20^* 


15,736 


27,036 


28,292 


855 


1,180 


5,55ti 


6,743 


4,319 


5.270 


J 




1o 


24 


20 




C 
Q 


— 





- 


A 
H 


— 


57,692 


44,761 


107:197 


107,088 


290,505 


190.310 


19.134 


9,868 


13,879 


11,483 


14.1;459 


63,647 


26,276 


21,5C3 


33,692 


31,747 


95,100 


74,424 


1C742 


11.685 


<3,492 


44,454 


46:346 


44,613 




1|^r?P 




14,047 


i:M 


5,720 


*tO 1 




> ^ 1Q1 




<,0J3 




54,739 


4i;65B 


145.761 


139.224 


279,939 


162,627 


14,092 


-8,167 


15,273 


16.889 


128,585 


58,489 


22,355 


17,858 


30,769 


31.170 


80,120 


56,589 


13,231 


11,242 


39,053 


35.217 


49:951 


31,846 


^,81.1 




26,893 


29,868 


4^ i 

10,864 


8,938 






00, / (J 




in HiQ 
10,413 


0,/DD 


49,304 


37,410 


162,205 


143,525 


214,775 


125.806 


12,053 


3,691 


l4,73l 


20,55/ 


106,326 


55,648 


17,969 


15,367 


27,214 


32,065 


52,281 


41,937 


13,023 


9,i07 


33,782 


30,169 


35,602 


19,017 


o,11o 


*\ ice 

^,25S 


33,083 


30.B47 


, 9,503 


4,210 


J, 


t,003 


'3QK 




1 i,UdJ 




38,^14 


29.15;^ 


Ut939 


105,897 


144,780 


89,895 


12,456 


.8.590 


12.79E 


•M04 


34,274 


48,408 


13,320 


11,838 


21,303 ' 


26,091 


;2,015 


36,312 


7,808 


6,073 


20,985 


18,511 


6920 


10,?25 


1 HOC 


1,276 


25,137 


21,6<^4 


,0 '9 


2,234 










Mi 


0 Rift 


101,671 


71,993 


343,572 


279,329 


JSt "DO 


320,229 


47,536 


30,103 


76,996 


77:852 


25f,:i)31 


147,630 


2fl,l34 


24,102 


85,239 


%M 


i/i;553 


46:654 


15,329 


1 1,993 


49,646 


42,728 


25,799 


16,571 


4,752 


2,717 


51,523 


31,456 


.7,743 


3,921 


5,920 


3,078 


80,i68 


30,580 


11,474 


5;453 


2,428 


1,404 


10,573 


4,740 


6,305 


3,351 


1,693 


917 


6,494 


2,8i6 


5,246 

m 


2,721 


3S6 


234 


1,642 


1,023 


448 


14!i 


177 


625 


453 


168 


96 


-86 


-8 


778 


248 


i;;o 


43 


119 . 


58-- 


_83-C 


169 




43 
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V72 • Cnmputeri^ed Manufscturinp Automation: Emproymenl EducaUoh, and iPe Workplace 



table 46 — Employed Persons and Employees by Occupatibri, Japan (ten thousand persons) 



Employed persons: 



Year 



Prbtessidnal 
arid technical 
Total wbrk ei:s 



Manager^ 

- ariC - 
officials 



19/V 
19/8 
1979 
1980 
■1981 
1982 

Perceri4ag€ 



0 9 

1 3 
1.2 
1 3 
10 
0 8 

id 



4 4 
2 4 

2.6 
68 
28 
3.2 
4.2 



4.4 
- 1.4 
-3.8 
5.4 
1.4 
3.6 
^3.5- 



Both Bexes: Annual average: 



1975 
1076 
1977 
1978 
1979 
1980 
1981 
1982 



1000 
lOQO 
100.0 

100 q 

100 0 
1OO.0 
100 0 
100.0 



Male: Change over 
1975 100.0 
100.0 
100.0 
100 0 
100.0 
1000 
100:0 
100 0 



1976 
1977 
irZ8 
1979 
1980 
1981 
1982 



'.0 
7.2 
73 
7 ^ 
7.8 
7.9 
8.1 
8.4 

*he-year: 
6.3 
66 
65 
66 
6 7 
6.9 
7.1 
7.4 



Female: Chans^ie over the year: 



8.0 
8.? 
8.'^ 
3 7 
1' 4 
95 
9.7 
S8- 



5;q 

62 
6.1 
5,8 
6.1 
6.2 
6.3 
6.1 

0.6 

0.6 
U.5 

C.6 
0.5 
0.6 

-05 - 



workers 



Sales., 
workers 



BaW sexes: Annual average: 










364 


206 


820 


1976 


5;271 


380 


215 


828 


1977 


5,342 


339 


212 


850 


1978 


5,408 


399 


204 


871 


1979 


5.4 79 


426 


217 


898 


1980 


5.536 


438 


220 


924 


1981 


5.581 


452 


228 


945 


1982 


5.f*.38 


471 


22C 


973 


Change over the year: 




a 


1976 


48 


16 


3 


1977 


71 


9 


-3 


22 


197S 


66 


10 


-.8 


21 


1979 


71 


27 


13 


27 


1980 


57 


12 


3 


26 


1981 


45 


14 


8 


21 


1982 


57 


19 


3 


28 


Chaoge over the year: 







1.0 
> 7 
2.5 
■JI.1 
2.9 
?3 



12.4 
12? 
^^.2 
^2.^ 

12.6 
12.G 
12..' 

;2.9 

21.? 
.-^2.0 

2i:9 

22:2 
23:1 

23:6 

24:0 



738 
754 
778 
791 
784 
797 
811 
838 

16 
24 
13 
->/ 
13 
14 
27 

2.2 
3.2 
1.7 
-0:9 
V.7 

a;8 
3:3 



F'armers. 




Wo'ke;c ' 


' J t J.rrrb.e.r/ 




{{,.;nspor: 


merij and 




and commu 


fisher- 


Mining 


nication 


men 


workers 


occupations 


654 




237 


634 


10 


242 


625 


10 


238 


626 


7 


243 


605 


5 


244 


57Q 


5 


248 


552 


5 


238 


543 


4 


237 


-20 


1 


5 


-9 


b 


-4 


1 


-3 


5 


-21 


-2 


1 


-35 


0 


4 


-18 


0 


-10 


-9 


- 1 


- 1 



prbceii:: 

wb rk i grr - — Caiiouiers 



Protect lv.c 
service workers 

and. 

service workers 



-3:1 
-1:4 
0:2 

-5.8 
-3.2 
-1.6 



00 
-30.C 



3.9 


15.7 


14.1 


12.5 


0.2 


4.; 


15.7 


14.3 


12.0 


o;2 


4.0 


'jSj 


14.6 


1 1.7 


0:2 


3.8 


lb.1 


14,B 


11:6 


0:1 


4.0 


16.4 


14.3 


11:0 


Li 


4.0 


16.7 


14.4 


10:3 


C 1 


4.1 


16.9 


14:5 


9:9 


0.: 


3.9 


17.3 


14:9 


9.6 


0.1 



2.1 
-1.7 
2.1 
0.4 
1.6 
-4.0 
-0.4 



1,580 
1,589 
1,603 
1,611 
1,628 
1,653 
1,659 
1,648 

9 
14 

8 
17 
25 
-6 
- 11 

0.6 
0 9 
0.5 
1.1 
..5 
0.4 
-0.7 



4:5 
4.6 
4.5 
4.5 
4.5 
4.5 
4.3 
4.2 



3iJ..3 
: 30. .1 
30.0 
29.8 
29.7 
.?9.9 
29.7 
29.2 



14.0 


10.0 


0.3 


6.7 


34.9 


14.3 


9.7 


0.3 


6.B 


34.5 


14.6 


9.6 


0.3 


6.7 


34:.l 


14.6 


9.6 


0.2 


6.9 


3< 3 


14,:^ 


5.1 


0.1 


6.8 


34:3 


U.A 


6 5 


0.1 


6.9 


34:4 


14.6 


8.4 


0.1 


6.6 


34:2 


15.0 


8.1 


0.1 


6:5 


33:9 


14:4 


J6:a 


CO 


0.9 


22.-1 


14:3 


15:9 


0.0 


0.9 


22.9 


14:5 


15.1 


Q.O 


0.8 


22.8 


14:7 


14, ;c 


u.u 


6.7 


22.7 


14:3 


\a:c 


0.0 


b.P 


22.3 


14.3 


13.1. 


G.U 


0.7 


22.6 


14.4 


12 3 


0.0 


0.6 


22.7 


14.6 




o.d 


0.6 


22.i3 



148 
151 
159 
160 
164 
168 
207 
210 

3 
8 
1 
4 

.4.. 

3 

2.0 
5.3 
0.0 
2.5 
2.4 
23.2^ 
1.4 



1975 
19/6 
1977 
1978 
1979 
1980 
193^ 
1982^ 

Population Cens r; Workers .n rr:ning and qusrrying occup.-^'-i : " .hava..bee.) reclass.fied.ai 'iN^in.ng workers .-^nd SwRC^ers and garbag. 
hstofi as ■ Protectue service dna.service--WorkBjB:ia.r.6.c!asslti':J. a? ■'Labourers the current su.-^ 1;. 

•'As of aSniJiaiy 1981 therQ were 320,000 -Sweefjors and garbage men. ' 1 : .••>n na!^ and 230.00C female. 

Take the above explanation into consideration when the difference or "'^rce -lad^ f v year-to-year change c. monthly e 
SOURCE ■ Annual Report of the l.dboir F5r5 s Survey." Statistics Bureau. Offica of tna Prime Minister, Japan, 1982. 



2.8 
2.9 
3.0 
3.0 
3.0 
3 1 
3.7 
3.7 

2.9 

2:P • 

3:0 

2:9 

29 

..9 

3.5 

.''.4 

2.? 
2.9 
2.9 
3.0 

3 1 

4 1 

-4.3-- 



457 
457 
465 
486 
497 
501 
473 
480 

Q 
8 

21 
11 
4 

-^28^ 
7 

6.6 
1.8 
4.5 
2.3 

0.8- 
-5 6^ 

-1.5-- 



8.7 
8.7 
8.7 
9.0 
9.1 
9.0 
8.5 
8.5 

6.3 
5.3 
6.2 
6.5 
5.7 
6.7 
6.3 
6.3 

12.1 

12. 

12.7 

12.9 

;2.8 

12.7 

11.8 



' the Labour Force Survey j, d rpvised in January 1981 iu corr^^-^iond Jto.i.va i:^.z^'P^liQna\ OzZa*y\cau^:\" 



u?ed ■ Mhe 10° j 
nr. Tf ' previousi ,' 



fnales are used. 
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Ch. ^---Effects of Pwgrammatre Amomanoh on Bm proyment • 173 



Table 46.r-EiTipLbyed Persons arid Employees by Occupation, 
dapan (ten thousand persons) — Continued 



Employees: 



Professional 
and technical 



Clerical*' 
Managers ..and_ ; 



and 



related 



.Sai.e_s_ 



Farrtjers, 
Jumber-. 
m.en+ and 
fisher- 



Year total 


workers 


officials 


workers 


workers 


men 


BolJr sexes: Annual average: 










I9Z5 3.64t 


3D4 


205 


775 


427 


41 


i9Z6 3;Z12 


316 


214 


783 


448 


41 


3.769 


322 


-211 


803 


463 


43 


3;799 


329 


•201 


818 


470 


40 


]979 3;S76 


352 


215 


844 


476 


38 


I9b0 3;97l 


364 


2-17 


867 


497 


^-0 


1981 4,037 


377 


226 


886 


' 506 


i3 


1982 4.C98 


394 


217 


909 


537 


41 



MJnlng 
workers 



Workers In 
trahspoi-t 
and commu- 
. nicatiori 
occQpatlons 



Craftsmen 

arid 
product ibri 

process 

-worke 



9 
9 
10 
7 
5 
4 
4 
4 



Change over the year 



Pt nfiige dlslnbulion 



220 
225 
222 
2'26 
226 
229 
220 
220 



1976 


66 


12 


9 


8 


2.1 


Q 


0 


5 


1977 


bi 


6 


-3 


20 


15 


2 


X 


-3 


1979 


30 


7 


- 10 


15 


7 


-3 


-3 


4 


19/9 


77 


?3 


14 


26 


fc 


-2 


-2 


0 


1980 


95 


12 


2 


23 


?^ 


2 


T.I 


3 


1981 


66 


13 


9 


19 




3 


•0 


-9 


1982 


61 


17 


-9 


23 


31 


-2 


0 


0 


Change 


over ??7> 


year (3o): 














1976 


18 


3.9 


4.4 


1.0 


4.-* 


0.0 




2.3 


1977 


15 


19 


- 1:4 


2.e 


3.3 


4.9 




-1.3 


1978 0 


0.8 


22 


4:z 


y.9 




-7.0 


- 30.0 


1.8 


1979 


20 


7.0 


7:0 


3:2 


■ J 


~ ? 0 




0.0 


1.180 


2 5 


3.4 


0:9 


2:7 


4.4 






1.3 


H81 


1.7 


3.6 


4:1 


22 


IB 


7.5 




-3.9 


1962 


1.5 


4.5 


-4.0 


2.6 


.G.1_. ._ 


-4:7 




-- O.Q^ 



1,216 
1,224 
1,235 
1,233 
1,237 
1,260 
1,272 
1,269 

8 
11 

' -2 
4 
23 
12 
~3 

0.7 
0.9 

-0.2 
0.3 
1.9 
1.0 

"0.2 



Bout 


zexes: Change oVer the year 














:\r-. 


100 0 


8.3 


5.^ 


21.3 


11 7 


1.1 


0.2 


6.0 


33.4 




lOO.O 


S.5 


5.8 


21.1 


12.1 


1.1 


0.2 


6.1 


33.0 




100:0 


8.S 


5.6 


21.3 


I2.3 


1.1 


0.3 


5.9 


32.8 


1978 


1000 


8.7 


5.3 


21.5 


12.4 


1.1 


0.2 


5,9 


32.5 


1979 


100 0 


9.1 


5.5 


21.8 


12.3 


1.0 


C.I 


5.8 


31.9 


1980 


IDO.D 


92 


5:5 


21:8 


12.5 


1,0 


0.1 


5.8 


31.7 


1981 


JLO.D 


93 


56 


21:9 


12,5 


1.1 


P.I 


5.4 


31,5 


1982 


100.0 


9.6 


5.3 


22 2 


13;i 


1.0 


0.1 


5.4 


31.0 


Mate: 




















1975 


^oo.d 


"..8 


7.8 


16.1 


12.:l 


1.3 


0.4 


8:2 


37:5 


■976 


100.0 


/.I 


8.1 


15.8 


12.5 


1.3 


0.0 


8:3 


36:9 


'977 


100.0 


7.0 


7,9 


15.8 


12,9 


1.3 


0.4 


8.2 


36:7 


1978 


100.0 


6.9 


7,6 


16.3 


12.8 


1.2 


0.3 


8,4 


36:5 


,1979 


100.0 


7.1 


8.0 


16.3 


12 8 


1.1 


0.2 


8.2 


36.4 


UBO 


100.0 


7.2 


7.9 


16,2 


13.0 


1.1 


0.2 


8.2 


36.1 


1981 


10U.0 


7.4 


8,1 


16.2 


13,0 


1.3 


0.2 


7.8 


35.8 


1982 


100 c 


7./ 


7.6 


16.4 


13.7 


1,2 


0.1 


7.7 


35.6 


Female:. 


















1975 


1.00.0 


11:6 


0:9 


32:2 


1 1.1 


0.8 


0,0 


1.5 


24.6 


1976 


100.0 


11.5 


1.0 


32:2 


1 1.1 


0.7 


0.0 


1,4 


24.9 


1977 


100.0 


11.7 


U.9 


32:4 


11:1 


0.7 


0.0 


1.2 
1.1 


24,8 


1978 


100.0 


12.2 


0.7 


32.0 


11:6 ^. 


o:z 


0.0 


24.5 


1979 


100.0 


13.1 


0.8 




11:4 


o:z 


0:0 


1.2 


23.3 


1980 


100.0 


13.0 


0,8 




11:6 


0:7 


0:0 


1.0 


23.2 


ICIR1 


100.0 


13.1 


0.9 


3^ . 


11.6 


0:6 


0:0 


0.9 


23.3 


1 .)82 


100.0 


13.2 


0.8 


33.2 


11.9 


0.7 


0:0 


0.9 


-2Z4— 



132 
135 
140 
141 
144 
148 
"184 
187 

3 
5 
1 
3 
4 
36^" 
3 

2.3 
3.7 
0.7 
2.1 
2.8 
24.3^ 
1.6 



Protective 
service workers 
arid 

-^p/lce workers 

315 
315 
317 
331 
336- 
342 
317 
315 

d 

2 
14 

5 

6- 
25'' 
-2 

Q.a 

0.6 
4.4 
1.5 
1.8 
7.3'' 
-0.6 



3.6 
3.6 
3.7 
3.7 
3.7 
3.7 
4.6 
4,6 

3.5 
3,5 
3.7 
3.6 
3:5 
3:6 
42 

-4:0 

3.7 
4.0 
3.8 
3.9 
4.0 
4,0 
5.3 
5.6 



8:6 
8.5 
8.4 

8.7 
8.7 
8.6 
7.9 
7.7 

6.3 
6.2 

B. 0 

C. 4 
B.4 
6.4 
6:0 
5:8 

13.7 
13.3 
13.3 
13.4 
13.1 
12.9 
T1 .4 
11.2 



^'Iti? Ocx:upati6nat Classificaiibns foe tno Labour Fore 5; Survey were revised In Ja.Tuary 1981 to correspond to the Occu^jationaj Class. fications 
Population Census..::Wo.rkers.:n.m r>^!i} quarfur^grccapatloris'.' Have b.'>pri r^cla? sif led as "Mining workers." and "Swoepers and garbage men" 

53 ^ ^ ".^ ° ^ ^.^."^9 .s 6 i c e a n d s e i c e w o r btq c La s s . f i ed as '. '. Lab o u : e r s " " i n t h e. c u.r rent s 0 rv ay 

of January 138^ there were 320.000 "Sweepers ard qarbage men. 130.000 male and 230.000 female, 
Tako tfie anove t^pianrifiGn into cr^nsidoration whdn re difference or percentage for yea- to^yoar change of monthly estimates are used. 
Np"f§_^mpioy*>es are *t^,n subset of employee, uqtc thai is not self-e "hpibyed. 

SOURCE ■ Annual flepori 6t the Labour Force Siurv;,;" Statis'ics C"-eiiu. Office of the Prime Ministei, Japan 198J, 
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in large firms:^^ Because of that t^ystem, none- 
theless, Japanese employers arie less free thm 
U.S. employers to lay off personnel. They have 
an incentive to minimize hiring of ''regular'^ 
employees, and to increase use of others whoje 
ranks can more easily be cut (see tables 46 
47). 

Note that U.S. employers h^vJ^^ incri^^-shxe;- 
ly resorted to the use of teir v poi or ?^el. 
The temporary-help servic. .stry m the 
United States has been growing^ and the pro- 
portibn of temporaries comprise^ of such pro- 
fessibneils as engineers, scientists, ^d tech- 

»^See Robert E._Coie._"Participatibh and Control in Japanese 
Industry. paper prepared for Conference on Prckiucti^^^ 
ership. and Participation. Agency for International Develop- 
ment, U.S Department of Labor, May 1983. 



nicians has sflso b^en grdwirig. (Statistics are 
not available to show trends for mantxfactur- 
ing industries alone.) As rioted by the National 
Association of Temporary Services: 

By hiring temporaries, companies rah cut 
staff without layoffs. They can hire temporar- 
ies for short-term prtgects too large or too spe- 
cialized for their permanent staff to handle.^^ 

Because adoptirig PA raises companies' fixed 
co^ts, many of them might seek to increase 
reliance dri temporaries or part-time person- 
nel, where feasible, to lessen their vulnerability 
to dowritiirris. 



«Sam Sacco/The_WqrjG of Hig^^^^ VTasft- 
ington Post (Advertising Supplement), Apr. 24, 1983. 
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Table 47.— Employed Persons by IndU^stiV arid Japan 
(for ernpjpyees, number of persons engaged in enterprise) (1982) 



Employees 



1-29'per3ons 



3& ps fsbns.arid dyer 



Total 




Total 



1-4 

-peisohs 



5-29 
persons 



Total 



30.-99 _ 
persons 




and over 



[9 1, O p Q _ p e r s o t \ s Gove r n men t 
s _/ and over employees 



^098 


1.408 


339 


. 1,069 


2,184 


632 


591 


962 


184 


778 




30 


18 


7 


^1 1 


6 


3 


2 


i 






o 


16 


,-12 


5 




3 


2 


1 








r , 

4 


14 


^ 6 


2 


*5' 


3 


2 


i 








c 

-D 


4.068 


1,390 


332 


1 .058 


2,178 


628 


589 


961 


183 


777 




1.4 


8 


1 


7 


6 


3 


2 


1 




1 




10 


3 




3 


6 






3 




_3 




423 


257 


56 


201 


164 


76 


38 


-48 


10 


-38 




1,151 


324 


46 


278 


825 


220 


226 


378 


77 


301 


1 


125 


48 


7 


40 


77 


33 


23 


17 


5 


12 




147 


29 


4 


26 


. 117 


25 


29 


-64 


13 


.51 




557 


120 


16 


103 


437 


91 


105 


239 


42 


197 




66 


8 


1 


7 


■58 


-7 


11 


40 


4 


36 




103 


49 


8 


40 


54 


24 


17 


13 


5 


8 




131 


31 


4 


27 


100 


25 


29 


4G 


12 


35 




iStt 


21 


2 


19 


137 


25 


34 


78 


12 


66 




99 


11 


1 


10 


* '88 


10 


16 


61 


8 


53 




3^2 


127 


19 


108 


194 


-71 


_64 


59 


17 


42 


1 


1,0b9 


470 


146 


324 


583 


150 


149 


284 


55 


229 


5 


870 


443 


135 


309 


423 


139 


126 


159 


42 


117 


3 


337 


138 


25 


114 


198 


73 


62 


63 


19 


45 




534 


305 


110 


195 


-225 


66 


63 


96 


23 


72 


3 


128 


95 


37 


58 


32 


16 


9 


7 


2 


5 




189 


27 


12 


15 


160 


11 


23 


125: 


12 


113 


2 


364 


51 


4 


47 


263 


47 


53 


163 


16 


148 


50 


331 


51 


4 


46 


240 


46 


51 


142 


15 


127 


39 


34 








23 


1 


1 


2^ 




20 


i 1 


847 


276 


77 


199 


329 


127 


119 


83 


25 


57 


241 


427 


112 


31 


82 


120 


-48 


46^ 


Z^' 


9 


17 


194 


420 


163 


45 


118 


209 


79 ' 


73 


57 


17 , 


40 


47 


195 
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Percent male 



1),,. 
9).,. 
12).., 

14) .., 

15) . . . 

16) . . . 

17) ,,, 



65.40 
65^94 
73.25 
75,73 
' 77,10 
59,96 
80.81 



60,30 


55.75 


6i:74 


68:09 


63:13 


65:82 


72,66 


71.20 


73.01 


58,02 


63.04' 


57:19 


69:09 


56:76 


63,87 


79,37 


72,73 


81.06 


68,33 


75:00 


66:99 


74:60 


63,74 


67.92 


81,59 


73,81 


83,25 


75.51 


87:50 


75:00 


75:93 


70,83 


76,47 


84,62 


80,00 


87,50 


74: 19 


75:00 


74:07 


78,00 


76,00 


72,41 


82,61 


75.00 


82,86 


42:86 


.50:00 


36:84 


59,85 


41,67 


52,94 


71.79 


58,33 


72,73 


63:64 


100:00 


70:00 


82,95 


70,00 


75,00 


38,52 


87,50 


38.88 



67.87 
100.00 



Percent female 



1) 
9) 
12) 
14) 
15) 
16) 
17) 



34.60 
34.06 
26,75 
23,30 
23,66 
43,04 
18, 



39,70 
41,98 
31,67 
24,49 
25.81 
57,14 
36^6- 



44.25 
39.13 
25,00 
25,00 
25,00 
50,00 



38.26 
42,45 
33,01 
25,00 
25.93 
57,89 

4o:no 



1) AH industrios _ 

2) Agriculture anc^ forestry 

3) Agriculture 

4) Foresicy-and JiunlLng. 

5) Nonagr^cunuraJ industires 

6) Fisheries and aquacuiture 
t) MiriiKg 

8) Qonsiruction 

9) Manufacturing 

id) textile mill products 



11) Chomlcal and related products 

12) Metal and rnachinefy 

13) Irori, sfaeJ ahdJlph-ferrQu s 
fTietaj industries 

14) Fabricated metal products 

15) MacHlnery. weapons, aria 
_. precision ro.ac.tiine... 

16) Electrical machinery, 
equipment and supplies 

17) Trarisportalloh equipment 



31 9\ 36,87 34:i8 27:23 28:80 26.99 32.13 

31,03 42.34 36.73 20:63 27:27 19,27 100.00 

25.40 36,26 32:08 78:41 26:l9 16,75 — 

22,22 25:00 25:53 15,38 20.00 12.50 — 

22:00 24:00 27:59 17,39 16.67 17.14 — 

40:88 62:50 47:06 29,49 41.67 27,27 " — 

- JL5J91 30:00 25,00 11,48 25,00 11,32 — 

18) Other manufacturing 25) Traruport, CQmmurilcatioji._ 

19) Wholesale,- telaUJ-rade^ finance, e!eclrjcity,_Qas^ water, steam 
r~ lQSyratice and real estate_ and hot water supply 

20) Wholesale and retail trade 26) transport arid cbrrimurilcaliori 
2?) Whblesaie trade 27) Electficit.y^.flaa. water, steam 

22) HBtaU leads ._. and.hqt water supply 

23) of_whlch Eating and drinking 28) Services 
oiace 29) Professional se.'vices 

24) Finance. Irisurarice arid real 30) Othec seMCos 
estate 3l) Government 



SOORCE: "Annual Report of the Labour Force Survey," Statistics Bureau, Office of the Prime Minister. Japan, 1983, 
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Table 47.^ 



-Emplbyed^ersbris b^^^^ Statas in Emp]oyment, Ja 

(for employees, number of persons engaged In enterprise) (1982) 



-Continued 



Self-employed workers 



Employees (regrouped) 



Regular employees 



Industry 



Both sexes 

1) 

2) 

3) ..:.., 

4j ::::::: : 

5) ::::::: 

6) . 

7) : ; 

8) ; 

-9) 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

17) 

18) 

19) 

20) 

22) 

22) 

23) 

24) 

25) 

26) 

27) 

28) 

29) . .- 

30) 

34).._.™ 



Total 


Tdial 




With 

employees 


Without Family 
employees AA/orkers 


_: , 

— XolaJ — 


- Total 




Orain^ry 

regular 

-efn.ployees 


Directors 


1 BiTlJJUlfll y 

til 1 1 (J l\JytlX3ii 


Day 

1 it Hn 1 1 r a r c 


5.638 


943 


193 


750 


587 


4i098 


3.692 


3,399 


294 


278 


127 


502 


240 


7 


234 


232 


30 


20 


18 


. 2 


3 


6 


484 


237 


6 


232 


231 


16 


id 


9 


1 


2 


3 


ts 


.3 


_ 1 


2 


__1 


14 


10 


lb 


~ 


1 


3 


5;136 


702 


186 


516 


355 


4,068 


3,672 


3.380 


292 


275 


121 


46 


18 


2 


16 


13 


14 


13 


12 


1 


1 


1 


10 


— 


— 






lb 


9 


9 


1 


— 


— 


. 541 


88 


37 


51 


31 


42? 


346 


299 


47 


25 


51 


1.380 


161 


29 


132 


68 


1.151 


1.b53 


978 


75 


75 


24 


208 


65 


5 


60 


18 


125 


lib 


101 


9 


1 1 


5 


166 


13 


2 


10 


6 


147 


138 


131 


7 


7 


.2 


614 


An 


ih 

lU 


3b 


17 


557 


520 


490 


31 


29 


7 


67 


1 






1 


66 


64 


62 


3 


1 




127 


16 


5 


id 


9 


103 


95 


85 


11 


5 


2 


143 


8 


2 


5 


4 


131 


125 


115 


10 


6 


1 


175 


15 


2 


13 


2 


158 


142 


137 


5 


13 


3 


102 


1 


1 


1 


1 


99 


94 


-91^ 


-3 


.4 


1 


392 


44 


12 


32 


26 


322 


284 


257 


28 


29 


9 


1,501 


258 


• 77 


181 


183 


1,059 


948 


830 


118 


90 


22 


1.29e 


246 


75- 


171 


179 


870 


765 


659 


.106 


84 


21 


376 


24 


8 


16 


16 


337 


- 323 


278 


45 


10 


4 


919 


222 


67 


155 


163 


534 


" 442 


381 


61 


74 


18 


237 


67 


33 


34 


41 


128 - 


.95 


_85 


10 


26 


7 


206 


■1,3 




11 


4 


189 


183 


.171 


12 


5 




382 


-15 


2 


12 


3 


364 


350 


339 


11 


11 


3 


349 


^5 


2 


12 


3 


331 


3.17 


306 


11 


10 


3 


34 










34 


33 


32 




1 




1.065 


162 


39 


123 


56 


847 


767 


727 


39 


64 


16 


510 


66 


19 


46 


17 


427 


396 


381 


14 


27 


4 


554 


96 


19 


77 


39 


420 


371 


346 


25 


37 


12 


195 










195 


184 


184 




8 


3 



Percent mate 



1) . 
9). 
12). 

14) . 

15) . 

16) . 

17) . 



6b.98 


68.61 


82.9 


64,93 ■ 


17,55 


69.40 


68:82 


67:8-1 


79:93 . 


26,98 


50.39 


61.23 


45.96 


96.55 


34.85 


17,65 


65;94 


70:18 


69:33 


82,67 


18.67 


25.00 


70.68 


57.50 


100.00 


43.33 


- 23.53 


73:25 


76:92 


76:12 


83.87 


20,69 


28.57 


73.23 


75.00 


100,00 


70.00 


• 2^.22 


75:73 


78:95 


77:65 


81.82 


40.00 


50.00 


74.83 


62.50 


100.00 


60.00 


25:00 


77:10 


79:20 


79.13 


80.00 


I6.g7 




53.14 


20.00 


100.00 


9231 




56:96 


62:68 


61.31 


80.00 


7.69 




80.39 


ioaocL- 


10Q.00 


100X0- 




80:81 


84.04 


83.52 


100.00 


25.00 





Percent f emale 



1) . 
9). 
12). 

14) . 

15) . 

16) . 

17) , 



39.03 
38.77 
29.15 
26.77 
25.17 
46.29 
18.63 



31.39 
54.b4 
42.5b 
18.7b 
25.bb 
80.00 



16.58 
. 3.45 



35.b7 


82.28 


34,60 


31.20 


32.16 


20.07 


65.15 


82.35 


34.06 


29.72 


30.67 


17.33 


56.66 


82.35 


26.75 


23.27 


23.67 


16,13 


30.00 


77.78 


23.30 


21.05 


2i:iB 


18:iB 


40.00 , 


100.00 


23.66 


2o:oo 


20:87 


10:00 


7,69 


100.00 


43.04 


37:32 


38:69 


20:00 




100.00 


18:i8 


15 96 


16:48 





73:02 
8i;33 
79:31 

-60:00 

66.67 
92,31 
75.00 



49:61 
75,00 
71:43 
50.00 

100.00 
66,67 

100.00 



1) AUjodusldes 

2) A'jgrtciJlture and forestry 

3) Agricuiiure 

4j Forestry and hjjhtirig 

5) NonaQ ri c u 1 1 u re i n d u s tries. 

6) Fisherres and aquaculture 

7) Mining 

B\ CQQslnmtiOQ. 

?) Ma.nwlaplMC'"9 
10) Textile miil products 



It) Ch.eniical and related products 

12) Metal and machinery 

13) Iron, .steel and non-ferrous 

. _ mat aL in dust ties 

I'^l Fabricated rneUj products 

15) Machinery, weapons, and 

. . precision machioe.. 

16) Electrical rriachlnery, equipment 
and supplies 

17) TranspbrtaMbn equiprrient 



18) Other manufacturing ' 

19) Whoiesaie. retail trade. -finance. 
laauraoce_arid_reai.esJMe.. 

20) Wholesale ar^d ^etait trade 

21) Wholesaje trade 

22) Retail trade 

23) of which Eating and drinking 
place 

24) Finance, insurance and real 
estate 



25) Transport, cdrrimunlcatibn. 
etect/lcily._oas+ water, steam 
and hot water supply 

26) Transport and corTirTiun|cat^ion 

27) Electricity, jgas, watei'; stearti 
_ and. h.ot. water supply 

^28) Services 

29) Professiorvai services 

30) Other. -«Aivices 

31) Government 



SOURCE ' Annual Report of the Labour Force Survey." Statistics Bureau. Office of the Prirhe Minister. Japan: 1983: 
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CHapier 5 

The Effects of Programmable 
Automation on the Wo rk En\n[rpiiment 

Summary 



A number of factors determine the impacts 
of prograrnmable automation (PA) dri the work 
enyironmen t , such as how the _techndlogies 
are designed and applied, the strategies em- 
ployed to introduce J;hem, and management's 
S9^s for automating^ In general, the intrqduc- • 
tion of PA tends to iniproye the jvork environ- 
ment. Howeyer, it has the potential to^ create 
new situations that are stressful or monoto- 
nous, resulting in negative psychological ef- 
fects on the work force. PA offers a wide range 
of choices cbheerhihg its use— choices that, if 
made well, will help tiD ensure that PA is ap- 
plied in ways that will rhaxiihize its potential 
for affecting the workplace positively. 

Nqthinj: inherent m technology 
m^ces a particular form of\vqrk organization 
'^imperative'-; PA affords many ways of orga- 
hizihg work and desigmng jobs. For this 
reason, it is possible to desi^ and apply tech- 
nology so that it wiH enhance, rather than de- 
tract from, the work ehvirbmheht, and to 
search for ways to design jobs that are cbrh- 
patible with both techhbldgy and tJie hbmah- 
izatibh of work. The search for siuch cbmpati- 
bility will be cbrhplicated by the potential 
tradeoff between cbhyentibhal concepts of pr<^^ 
ductidn efficiency and mbre cbniplex cbncepts - 
df wdrker satisfactidri. There is some, but lim- ~ 
ited, evidence that using PA td drgaiiize wdrk 
in ways that wduld enhance the wdrk envirdri- 



meht would lead tb increased bverall efficien- 
cy arid a more motivated wbrk fbrce. 

In the firms visited for the OTA wbrkehvi- 
rbhmerit case studies, theimplemehtatibh bf 
PA made some jobs, such as maihtehahce, 
more chaUeriging, arid some, such as spot weld- 
ing, less physically taxing. Other jbbs^ such 
as operating a numerically cbritrblled (NC) 
machine, were less chaUeriging when cbriipared 
with dperatirig cdriveritidrial machirie tools. 
Some jobs had high levels df stress due td the 
J^^ture pf the equipmerit (i.e., cdmplex, highly 
integrated, and expensive), and to the relative 
lack of worker autonqrny in controlling the 
• content and pace of work. 

Labor-managemOT an impor- 

tant role in the mtroduction of new technqlo- 
^y. Using collective bargaining, organizing, 
£dnd political strategies, unions Jn the United 
States have attempted to minimize what are 
perceived tbbe the sbciaHjr harmful effects of 
new teehriblbgies bri the labbr force. Their 
effbrts have generally been directed tbward 
easing the adjustment process rather than re- 
tarding the prbcess bf change. Japan and 
riiariy Westerri Eurbpeari cburitries rely bh a 
riUriiber df gbverriirierit arid brgariized labor 
rilechariisms fbr dealing with the iritrbductibn 
df new techndldgy arid its effects dri the work- 
place. 



Inirbductidn 



Prqgramniable autom has the potential 
to enhance the work environment in manufac- 
turing. It win do so if it reduces the need for 
workers to undertake hazardous or unpleasant 



tasks arid is applied in ways that provide vari- 
ety arid dppdrtUriities for decisidririiakirig iri 
the workplace. As wdrk becdriies iricreasirig- 
ly automated, it is importattt to consider the 
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role people will play relative to equipment, and 
how we as a society will define and oversee 
that role. 

The purpose of this chapter is to describe 
some of the effects on the raanuf acturing work 
environment arising from the introduction and 
use of PA, and to discuss sorne of the ways 
in which workers are likely to be affected— 
physically anH jpsychblogically. The approach 
is different from that usually taken in discuss- 
ing PA technblb^es, their benefits, and their 
costs. While acknowledging the economicand 
technical issues surrounding PA development 
and use, the chapter focuses on the experiences 
and concerns of the people working with the 
technologies daily. These concenjs seldom 
emerge in studies of R&D and industry char- 
acteristics, but they suggest additional social 
costs and benefits beyond the more obvious 



ones associated with changes in the number 
and types of jobs. 

Attention to how PA affects the work enyi^ 
ronment may ^aih hew Urgency in the^ture 
due to reduced job mobility in manufacturing. 
As chapter 4 suggests, workers who are uh- 
happy about their working conditions in th^ 
wake of hew techhblogy may have less free- 
dom to chahge jobs because of reduations in 
production employment, changes in the occu- 
patibhal mix, and other developments con- 
strainihg job opportunities. If the potential for 
jbb mobility decreases, the characteristics of 
remaihihg and new msmufacturing jobs will 
become increasingly important, creating hew s 
imperatives for developing the pbtehtial capa- 
bilities of the technology to improve the work 
ehvironment. 



Background 



The effects of PA on the manufacturing 
work ehvirdhment in the United States must 
be cbhsidered within the contexLof traditjpnal 
views of technological change. The appreheh- 
sidh surrounding technological progress and 
its potential to change the fabric of society is 
hot new. What is different about curreht atti- 
tudes concerning new techholb^ is directly 
related to its flexibility, its diverse applica- 
tions, the large numbers of people that will be 
affected, and the social and political climate 
in which it is being ihtroduced. 

As early as the raid-i850's, America was 
viewed by Europeans as a cbuntry that eager- 
ly and easily embraced techhblogy as a re- 
placement for manual labor. This was iii stark 
contrast to the open resistance to industrial 
progress experienced in Europe. The American 
capacity for rapid innovatibh was variously at- 
tributed^to such diverse factors as its public 
education system, a scarcity of labor, its dem- 
ocratic institutions, its utilitarian attitudes. 



an abundance of natural resources, and the 
enterprising spirit bf its citizens.^ 

However, contrary tojhis idylHe view of 
American industrial progress as perceived by 
foreign visitors, historians recbrd that even in 
the 1850's, technobffical change in the United 
States did not occur without very substantial 
costs to its citizens. For example, ^he work 
lives of skilled craftsmen were chahged greatly 
through adjustment to the hew requirements 
of industrialization, such as increased regimen- 
tation and less individuality. UhskiUed wort 
ers were also affected adversely, since their 
skills were interchangeable and there were 
thus fewer opportunities for wage increases 
and other benefits.^ 

Ill the late 19th^ century, the principles of 
scientif ic management propbsed by Frederick 

>Merritt Roe Smith; Harpers Feriy Armory and the New 
Tedwblqgy: The Challenge of Cfiajjge (Ithaca and London: Cor« 
nell University Press, 1977). 

'Ibid. 
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W: Taylor attempted to ratid'nalize the prcRluc- 
tion process by determining the **one best 
way ' ' to do a job . * In addition, these principles 
helped to form the view that efficiency de- 
pends on tlie degree to whicji management 
controls both the production process and the 
workers. In^ many manufacturing settings, 
vestiges of Taylorism stiH exist in a top-do\?ni 
style of management control characterized by 
rigidly defined tasks, attempts to minimize 
. errors through increased automation, ^d 
minimal worker involvement in workplace 
decisions. 

Today, it is generally recogmzed that tech- 
nological developments tend to continually 
outpace the capacity of individuals and social 
systems to adapt*^ This period of adjustment 
may be characterized by considerable tension 
between management and labor. 

_ One of the principal benefits of computer- 
ized manufacturing technology is that it of- 
fers a wide range of choices for system design 
and implementation. With respect to the prob- 
lems encountered in ^arjier technological 
change, one author commented: 

The changes arid disruptions that ari evolv- 
ing technology repeatedly caused Jn modern 
life were accepted aa givens br inevitable sim- 
ply because no brie bothered to ask whether 
there were other possibilities/ 

The very flexibility of PA provides a range of 
choice, not only in the equipment cbrifigura- 
tioh, but also in the organization and manage- 
ment of production. As stated by a contem- 
porary British researcher: 

We are riot compelled to follow the path we 
have fdUowed so long, of siibprdiriatirig work 
to the machine, and fragmenting it, until the 
best thing we can do with the jobs that re- 
main is to autdriiate therii but bf existerice. 
We can if we wish provide a path through 

_ *_Fredenck {1856-1915) revoiutjonized American 

factory production with Ws time-and-motion studies: This stand- 
ardization bf tasks, known as Taylorism, left workers with lit- 
tle or no bpportuiiity to exercise either control or judgment over 

their wprjc or ^orkplace^ 

'See. for example, Langdon Winner, Autonomons Technolugy 
{eambridge, Mass:: The MIT Press, 1977): 
♦Wiririier, bp. bit. 



which hiiriiari skill is preserved. . . . b}' evolv- 
ing into new skills in relation to riew riia- 
chines;* ♦ — 

While the design of a machine or system es- 
taBKshes^ a basis for its effects on the work 
environment, the specific circumstances in 
: which the technology is introduced also plaj? 
a crucial role in shaping the envirqiiinent of 
the automated workplace. J n practice, the im- 
pact of a programmable system is influenced 
by ah array of '^eavironmental" factors, such 
as rrianagerial goals,^ the age and physical lay- 
but bf facilities, the types of technology 
already in use, the ways in which work has 
been (and will be) brgariized, management pol- 
icies aiid practices^ the attitudes oi: workers, 
interpersonal relationships, arid the character 
of labor-managerrierit relatibris. This cbhtext, 
together with the technical capabilities arid ac- 
tual performance bf the new systerri, deter- 
mines the effect of computerized autbrriatibn 
on the work environment. . 

The choices riiade for system design andim- 
plemeritatibri reflect value judgments. The 
riiiriiriial attention devbted tb work environ- 
rrierit issues in this cburitry reflects the view 
that prdductibri efficiency is a furictibri bf 
equipment design and selection, arid a judg^, 
ment that worker attitudes are secbridary at 
best. On a more basic level, value judgments 
pertaining to workplace issues reflect a dispar- 
ity in avSlaWejividence^ It is relatively easy 
tojneasure the performance characteristics of 
a machine; it is difficult to measure reliably 
the effects of ^uipnient designs and config^ 
urations on worker attitudes and related 
ehinges in pr6ducti\aty. The difficulty in^ 
creases as the organization of production 
changes tb accommodate new processes and • 
prcRlucts. Such organizational changes are cen- 
tral tb the success of PA; they also distinguish 
the work envirbhment effects of PA fi-bm 
thbse bf riibre iricrerrierital changes in rhanufac- 
turirig techriblbgy. 

How workers are affected by automation 
depends very much on their individual person- 



'H. H. RosenbrbcK, "Rbbdta and People,** Measurement and 
Control vol. 15, March 1982, p. 112. 
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aliiies, expectations, and needs; it is therefore 
difficult to generalize about what is a **good ' 
work eiivirdnment for the introduetibh of PA. 
As one author recently pointed but: 

Workers are hbt all anke;_they_ha_ve differ- 
ent heeds, interests and motivations. Mbre^ 
over, these characteristics cbnstahtly change 

over the career of each worker, * 

However, there are some characteristics that 
^e generally recognized as having a positive 
effect on the work ehvironiheht. Among them 
are fair wages and benefits, 30b security, a 
clean and safe workplace, interesting work, 
some control over the pace of work, the^abiK- 
ty to make decisions concerning how work is 
performed, recbgnition for work done weH, op- 
portunities for personal growth and advance- 
meht, and gbbd relationships with peers and 
supervisors. 

Recognizing some of the important charac-^ 
teristics of a positive wbrk envirdnment, and 
recognizing that these can help to alleviate the 
tensions of a rapidly changing workplace, new 
technology can be utilized iii ways that facfli- 
tate a harmonious interaction between people 
and machines. Achie\drig such harmony is the 
goal of interdisciplinary research Jn so-called 
sociote^inical systems. The literature _oaso- 
cioteehnical systems discusses ways of design- 
ing jobs and changing work methods to con- 
sider bbth the social system of the work en- 
virbnirieht and the technical system of prwiuc- 
tioh sirnUltaneously in order to optimize the 
relationship between the two.'' 

It is possible to design and apply technolo^ 
so that it will enhance the work environment, 
and to explore ways of designing^jobs that ac- 
commodate both the technology and the needs 
of workers. The challenge is to introduce new 
teehhologies in ways that cpnsider the eco- 
nomic and social impactjjnore equally. How- 
ever, there are conflicting hiterests involved 
in considering simultaneously the economic, 

*J^es O'Tbdle, MMng America Work ProducUviiy and 
ResponsibUityJNew Ybrfc Continaum. 19811 

'Williarn A. Pasmore and John J. Sherwood (eds:)._Soaotec/i- 
wcsl Systems: A Sourcebook (La JbUa. Calif.: University 
Assbciat«s, Inc:, 1978). 



social, and technical aspects of new tech- 
nology. One recent study bf the impact of 
microelectronics on the workplace concluded: 

It is hbt yet clear Just what are the econom- 
ic costs of careful,.or socially acceptable, ap- 
plications of the chip. Nbr is it obyious. that 
the nbrmal market fdrces,_or union pressures, 
will bring out the best in microelectrbhics for 
society.* 

bkun has suggested that pursuit of an effi- 
cient economy creates inequalities, and socie- 
ty faces a tradeoff between equality and effi- 
ciency. If both are valued, arid neither takes 
absolute pnority over the bther, then compro- 
mises ought to be made in places where they 
conflict.^ In the ease bf the effects of PA on 
the work environment, the failure to balance 
both sociti arid ecoribriiic questions as part of 
the overall decisibri to automate will mem that 
the potential for PA to improve worEng Hfe 
win not be realized. In the short terai, only the 
economic costs of considering the social as- 
pects riiay be recognized; over the long term, 
however, the cost of an unhappy worker may 
be realized as lower productivity^The concern 
exterids beyond the individual PA user into 
a potential social se^ces problem that could 
eventually affect whole cbnuriuriities. / 

The reriiairider bf the chapter is di\^3ed iritb 
three sectibris. The first describes four 0TA 
case studies bf PA in selected mmufaeturing 
envirbririients arid discusses the principal 
themes that emerged from these studies. The 
next section discusses some of the impacts of 
PA on different aspects of the work environ- 
ment, incorporating material from the case 
studies where it exemplifies theseJmpacts. 
The final section provides an overview of ap- 
proaches to work enyironnaerit issues in J apan, 
Norway, Sweden, and West Germariy and the 
experiences of these countries with the imple- 
mentation of new technologies. 



•rae impBct of Chip technoipgy on Conditions afid QuaJity 
of Work, Worldmde ^m-ck and ExaimnaUon q{E}ndence and 
Innuential Opinion, Report No. 1144^:Ministry of Social Af- 
fairs and Emproymeht. The Hague,4982, p. 2: !^ ^ 

•Arthur M. Okxui, Equaijty and Emdency: The Big TYBdeoff 
(Washington, D.C: the Brookings Institution. 1975). 
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OTA Work Environment Cas^ Studies 



In order to investigate the impact of PA on 
actual work environments in manufacturing 
settings, four case studies wer^^ conducted in 
complies that are jeading users of PA— one 
each in the^utomobile^ aircraft, and agricul- 
tural implements industries, and one encom- 
passing a ^oup of seven ^mail metalworking 
sKops. The three large companies studied were 
selected out of a Hst of approximately 30 finns 
that was compiled in consultation with a num- 
ber of leading trade associations. The smaH 
metalwbrkihg shops were chosen after discus- 



sions with khdwledgeable individuals and or- 
ganizations in New England, the geographic 
region selected. While the corripahies are gdl 
advanced PA users, they differ in several im- 
portant respects, ihcludihg corripariy size, 
product batch size, union represeritatioh, fi- 
riaricial health, current level of market d^ 
marid, and geography (see tables 48 arid 49).* 



♦None of the participating companies is identified by naine: 
One of the- companies reqUeiaited this cblirteisy. iarid OTA decided 
to follow it throughout. 



Table 48.— Characteristics o\ Small Metalworking Shops Studied by OTA 

Alpha 



Beta 



Gamma 



Delta 



Epsllon 



Zeta 



Ela 



To la! 

exripJo/eiis 



-75— - 



19 



74 



16 



10 



200 



48 



ErT]_P.loyi*es on 
shop floor 



60 



16 



60 



-J5_ 



-430- 



40 



Annual sales 

r^ahd'CNC ~ 
rhachirie tools 



S8.2M 



S900.000 



S4.5M 



$600,000 



$300,000 



$25M 



S2;75M ^ 



21 NC and 
CNC 



2 CNC lathes 
1 CKiC miiler 
16 nC miliers 



3 CNC punch 
presses 
1 CNC laser 
cutter 

5 CNC press 
-brakes 



6 CNC 



4 CNC millers 
1 CNC lathe 



12 CNC latties 
2 CNC vertical 
millers 

30 NC machines 



Yt^Ar cprnpaiiy 
founded 



21 NC and 

CN_C_ rnachines; 
more than half 
of these are CNC; 
2 CNC in 
prototype 



1969 



1940 



1973 



1972 



.1974 - 



1945 



1942 



Year first 
NC or CNC 
machine tool 
jDurchased 



1974 



1966 



1976 



1976 



1979 



1957 



ca. 1966 



P/incipal 

client 

industries 



Military 
i'ii'cl'aft. 
medical 



Varied; 
i5li5ctrbhics. 
•hydraulics. 

etc: 



Mostly 
electronics 



Eleclrbriics, 
aircraft 



Aircraft, 
medical 



Aircraft, 
both military 
is. cbmrnerclal 



Electronics, 
aircraft 



Programing 
system 



Digital 
•APT*' 



Genesis 
"Encode" 



Webber. 
"Prompt" 



Web be/.. 
"Prompt" 



Bridgeport . 
"Easy Cam" 



DigiJal 
"APT" 



General 
Nurhei'ic 
"NurtierideiC 



Ago of 
prbgrarhihg 
sysiem 



3-4 years 6 years 



3 years 



6 months 



2 months 



11 years 



1 year. 



Lot jsize 
range'* 



10-150 



25-1 ;ooo 



_ 10.2:500- 



100-5.000 504,000 14,000 



MOO 



Average or 
typical lot 
size'^ 



50 



250-500 



100 



250-500 



250 



100 



50 



Employment Steady 


Stable for 


Steady 


Fluctuates, 


Growth, 


Cyclical, 


Stable 


level grbwth 


ID years, 


grovvth 


down from a 


recent 


twice as many 




ovjor time 


before that 




peak of 19 


layoffs 


employees In - 






steady growth 




in 19130 




late 1960*s. 














Constant for last 














7 years 




Size_of_ 














shop in 

square feet 23.000 


10.000 


30.000 


8,000 


2,500 


66.000 _ _. 


28.000 


''Lot size figures are rough estimates only. 



SOURCE: Office of Technology Assessment (data current as of April 19B3): 



25-452 O - 84 - 13 : QL 3 
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Batch size 
Cdmpany size 

Sales 

market share 



Unionized^ 

Financial 
hiealih 

Market 
demand 



Geography 



Table 



49.-GeneraI Characteristics of Manufacturing Firms Studied by OTA 



Srhall shO|^5_ 



Agricultural impleme ms - . 



Sriiall. brie of a 
kind 



Medium 



10-200 



Cbmpbnents plant— 10,000 
at capiacity _ 
Tracior assernbly 



30D.00O to 
25 million 



Company agrjculturaj equipment 
sales over $4. billion in _ _ 
1981; dropped in 1982. but 
sharp of farm eqijipment 
market climbed-— 



-No 



Yes 



Good 



Dominant in industry 



Tends to fluctuate 
with demand 
for clients* 
products -_ 



Slack 



Commercial aircraft 



Medium 



Large 



40,000 in cbrhrhercial 

aircraft division 
630 in NC machine shop_ 



Plant. employs 
4.000 



Cbftipany claimed 56^/0 
of the rriarkGt in 1981: 
In 1982. 480/0 



— Yes 



Dorninailt in industry 



Within. an_ hour of 
rhajor industrial 
center in the 

-gast—- 



Srriall. Midwestern city 



SOURCE Oftict' o< Tectinology Assessment (data curreni as oi Apni 1983) 



Slack; operating at 
SQWo of capacity 



Medium-sized west 
coasr city 



Company sales over 
$1Q_ million in 
1982 



Yes 



Improving ove_r 
recent times 



Recently picked 
up 



Within hour of 
major industrial 
center in East 



Six technologies wiere studied— numerical 
control (NC), flexible mantifacturing systems 
(FMS), management information systems, 
automated materials handling, robots, md 
computer-aided design (CADj * NC machine 
tools receive particular attention in the case 
studies because they are among the oldest 
modern examples of the appUcation of digital 
technology to manufacturing, dating from the 
early 1956^8. As such, NC represents the back- 
bone of computerized production equipment, 
and is the rat^st important application to date 
of compu^ters in small and medium batch ma- 
cKmng. In addition, although other program- 
mable t^hndlogies may monitor the actititte3- 
of workers or replace the worker entirely,^NC 
machine tools continue to require the presence 



♦As was discussed in ch: 3, FMSs integr.at^.^C and other 
PA technologies into a larger cbmputer-controUed syste_n?:that 
is the prototype of the automatic facU>ry. Management mfor- 
matibti sys^-ems coUectv transmit, and process data^m a way 
that provides ir.ore comprehensive , and; innme^ate m 
to management about operations in both ba^h a^d mass pro. 
auction bifcs::ries. Robots represent a v^tile technol_o©r that 
can be used in a wide r_ange of production settings ei^ex as 
stand-alone machines or as part of a larger sy^m. CAD 
emplifies the use of computers to trmsfo_rm_the design proc- 
ess and the orgahizatibn of the production process. 



of an operator and significantly change the 
character of the persoii-rnachine interaction. 
The changes seen in the NC operator's job 
have impUcatibris for other situations in which 
the introduction of PA may change the nature 
of the interaction between person and ma^ 
chine. Thus, the work enyiroranent experience 
with NC rnay provide paradigms for other PA, 
including flexible manufacturing systems as 
well as lionproduction PA technologies. 

Tfiexase studies are based on 3- to 8-day 
visits by two researchers to the three large 
companies^ and 1-day visits to each of the 
sevehc^mall machine shops. The aim of the 
case studies was to identify qualitatively some 
of the important ways in which PA is cun-ent- 
ly affecting the work environment in selected 
sites; quantitative analysis was not feasible 
given the small number and the diversity of 
observations.* (See jtpp. 5A for method of 
study.) A brief summary of each of the four 



♦the sample ofjpeople interviewed was relatively small and 
not£ andom.and Uie interviews explor^ a variety of issues with- 
in a defined range, rather than following a rigid format. 
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case studies follows; a sectidh is included 
describing the principal themes that emergedr* 

Case 1 — Small Metalworking Sfiops 

This cBse study investigates the introdu^- 
tibh and use of numerical control in seven 
small metalworking shops—six machining 
shops and a sheet metal fabricatibh shop (see 
table 48). All of the shops work under contract 
to other cbrripanies (mainly aerospace, elec- 
tronics, arid defense industries), arid have rib 
ccmmercial product of their bwri. The ceritral 
productidri techridlbg^ in these plants is NC, 
curf eritly one of the most riiature arid sophisti- 
cated of the PA technologies, in which a pre- 
programed code directs the operation 6f a 
machine tool by means of a coritroller. General- 
ly, these machine instructions, or **part pro- 
grams,'* are prepared remotely by a part pro- 
^^^F^J^. ^P^'^^^^^}^^^ numerical control, a 
refinement of NC that was developed in the 
mid-1970 's, links ^ computer to the machine 
cohtroUer^This technicai change brings about 
new organizational possibilities because the 
machine instructions can now be altered (ed- 
ited), or even prepared, at the machine itself. 

NC has a number of technical advantages 
over conventional equipment— e.g., easier ma- 
chining of complex parts, repeatability, fewer 
fixtures and setups, and increased flow of pro- 
duction. In addition to these advantages, man- 
agers dso cited two other motivations for in- 
stalling NC equipjnent. One motivation was 
to resjpond to the perceived shortage of quali- 
fied machinists by providing the ability to 
transfer skills from the shojp floor to a part 
prbgram, hence depressing the level of skiH ac- 
tually rieeded to operate the machine. The see- 
brid riibtivatibri for acquiring NC was_tb gain 
better cbritrol over shbp operatibris. The pre- 
dictability bf the techriolbgy led tb riibre ac- 
curate pr^ductibri cbst estimates when bidding 
for new jobs arid riidre reliable estiriiates bf de- 
livery times. 



- *The con tractor report, -*'Autdniatidh and the Workplace: 
Case Studies oh the Ihtrbductibh bf Prdgrammable Autdnia- 
tiqn in Mjufiufactimng,'' will be available subsequent tb publica- 
tion of this report. 



Case Study Conclusions 

By reorganizirig production in such a way 
as to centralize control and reduce the oyeraU 
skill requirements of the shop^ these owners 
have brought about changes in the work en- 
vironment that substsmtiE^ the at- 
tractiveness of^machining jobs, especirily for 
skiHed mi^chinists. in general, less experienced 
workers and those whose previous work expe- 
rience was largely on WC preferred NG, while 
workers with high levels of skill and extensive 
baekgrbnnds oh conventional equipment did 
not like NG rriachines unless they Jt ad JSeeome 
ihvblved in prbgrairung. When the planning 
fUhctibri is removed from the shop floor and 
transferred tb a prbgramer, rriachlhihg work 
is trahsforrried in such a way as to be uriat- 
tractive tb the mbst skilled rnembers of the 
wbrk force —although the usefulness bf high 
skill levels was stiU emphasized by most bf the 
shopowners interviewed. While reducing ma- 
chinist intervention in the production process 
helps to guarantee that a minimum standard 
of quality will be met, it also limits the ingenui- 
ty and skill that might help to achieve a higher 
standard of quality. If the^put of the person 
closest to the producj^ion^rocess is substan- 
tidly reduced or even eliminated, the loss in 
terms of the quaKty of production could be siz- 
able, particularly when a skilled worker is oper- 
ating the rnachihe. 

Based on the sample of small shops visited, 
four strategies that vsrould enhance the work 
environmem appeared teclteucally feasible and 
desirable from the point of view of workers on 
the shop floor: 

1. Prbgraniirig of machines by their oper- 
ators, except in cases where there are 
compelling technical reasons for doing 
otherwise (e.g., some programs are very 
complex, and writing them may require 
several hours of careful expert attention, 
away from the distractions of the shop 
floor)^ 

2. Increased control over the editing of pro- 
grams by machinists who are at the 
machine, watching the execution of the 
program. 
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3; Trainmg in prbgramirig for machinists, in- 
cluding rotation of machinists through 
the shop's prbgraiTiihg department. 
4; Training in machining that includes sub- 
stantial work dh conventional machine 
tools, and periodic rotation onto cohven- 
tibhal machines to provide more challenge 
and variety, 
Each of these changes that wbUld enhance 
the quality of the wbrk ehvirbnment was pres- 
ent in an erhbrybnic forrn in brie or more of the 
seven shopa studied. They are thus clearly 
technically feasible, sirice they have already 
taken place in a very liriiited way. They may 
also, in some cases, result in greater produc- 
tivity. But it is also true that after a certmn 
point, increases iri shop floor autqnorny with 
a view tb imprbvirig the work environinent 
tend to_ cbriflict with the shopowner's prefer- 
ences for riiariaging the business. At that 
point, farther improvements in the wbrk eh- 
virbhmerit come at the expense oE centralized 
cbhtrbl, which may also have implieatibris for 
production quality. The issue of cbritrbl, bf 
course, is not pecuUar to compu^^ aUtb- 
iriatibri in manufacturing Settmgs; it repre- 
sents one of the traditional wbrkplace strug- 
gles between management and labbr. 



Case 2— Agricultural Equipment 

Beginning in the earlyJ97e's, the company, 
a midwestern manufacturer of agricultural irii- 
pleriierits and construction equipment, began 
to install a wide variety of ebmputer-based 
systems in one of its principal busiriesses, the 
manufacture of tractors. Today, the company 
is regarded as one of the. leading Users of PA 
in medium-batch manufactUririg. This case 
study focuses on two of the cbriipany's plants 
that have been widely recognized as pioneer- 
ing automatibh efforts— the components plant 
and the nearby tractbr asseriibly plant^Three 
major systems were selected for examination: 
i) a management iriformation system, partic- 
ularly a labor repbrting subsystemj^ 2[ the 
automated materials handling system in the 
tractor assembly plant; and 3j the flexible 



manufactUririg system in the manufacturing 
plant. 

From management s pdirit of view. PA has 
been vital to the cbmpariy's success in an in- 
creasingly competitive iridustry. The technol- 
ogy has resulted iri increased flexibility to re- 
spond to rapidly shifting market conditions, 
better prbduct quaUty, arid higher productiv- 
ity. Ah irriportarit factor contributing to pro- 
ductivity iriiprbvement has been the transfor- 
matidri of what management saw as a series 
bf diff icUlt'to-coritrol, stqp^and-go operations 
into a riibre tightly controlled, centrally di- 
rected **everi flow'* of parts, Suggestive bf 
bperatioris in continuous-process industries. 

Case Stiidy Conclusions 

Tiie effects of iricf eased automation oh the 
workehv&orunerit seeri in this case study fall 
into four brbM categories. The first covers ef- 
fects that are the intended result of manage- 
ment's desire for flexibiUty, rapid response, 
and clbser managerial control of bperatibris. 
Fbr example, the ability of the eompariy to 
track parts through the production process 
riiakes shop floor operations increasirigly visi- 
ble to middle- and upper-level managers, fa- 
cilitating scheduling and making it iricreasing- 
ly possible to dictate the details bf prdduction 
from a high level in the organixatidri. This de: 
creases autonomy fbr supervisors by limiting 
their range of choices iri certain scheduling and 
personnel matters. 

The second categog^^f effects bh the work 
eri\drdnment stems from theimplemeritatidri 
process, broadly construed. For example, the 
disruption cau.sed by downtime arid schedul- 
ing irregularities resulting from the imple- 
mentation and debugging process Jdr highly 
complex^and integrated computerized systems 
can degrade the work erivirbririierit. The per- 
sistence of such prbbleriis aver a period of 
years, not jnst mbriths, raises the possibility 
that the debugging bf brie dr another system 
could become a fact of Ufe-and of the woi^ 
environmeiLt— at techridldgicaUy advanced 
companies. Workers at this site were particu- 
larly affected by frequent downtime because 
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of their incerrtive pay system.* This system 
helbs to create a highly motivated work force, 
aha employees covered by tfee incentive pay 
system may use considerable ingenuity to 
keep machines ruhhihg. Machine downtime is 
hot welcomed by incentive workers, ^d most 
of the workers interviewed expressed intense 
frustrati(3h with automated systerhs that fre- 
quently broke down. 

A third category of effects on the work en- 
vironment is brought about by the cbmplexi- 
^ty and highly inte^ated character of the cap- 
ital-intensive installations. Maintenance 
workers found their work oh a computerized 
system exciting and chaHehgihg (according to 
one electrician: **This new teehhblb^ is scary 
as hell, but I love it"). However, the ebrhhined 
effect of the lugh cdst of the system ahd the 
**dbniiho effect" of a machine or systehifailure 
created considerable pressure as well. The in- 
tegrated nature bf the bperatibh made the 
failure of any machine linked to the larger sys- 
tem a more seridUs problem than the failure 
of a stand-alone machine would have been. Ad- 
ditionally, most electricians interviewed felt 
that the diagnostics now required more skill 
thajir^reviously: however, the repairs were 
often easier, jjarticularly when they only in- 
volved changing a circuit board; Under J;hese 
conditions, coll^aboration increased £^ 
pairers and ambng different skilled trades. 

The final category iiicludeis effects that 
result from system designs that attempt (with 
varying degrees of success) to zpinimize the ne- 
cessity for operator intervention. One of the 
problems mentioned most frequently by oper- 
ators of flexible nianufacturmg s^ 
well as by maintenance workers on other high- 



♦This system combines a st£m^ Base rate with a bonus 
for production above y^^^ standard rate^^^ PP^ra tor working 
at l^irLC_en tiye_p_ace'^ earns about 1 3_0_percent of the "standard ' ' 
base pay. The company aimsi-o have production workers eligi- 
ble for incentive-pay about 85 percent o£ the tune. the remain- 
ihg 15 percent being set aside for "inherent delay," which 
includes those parts of a job whose pace is out of the control 
of the worker, ijunngpenods of inherent delay and downtime 
the worker is paid the standard rate. The introduction of 
automation can influence incentive pay in two ways; lyby re- 
quiring determihatibh 6f hew incentive standards, and 2) by 
changing the proportion of inherent delay and downtime on the 
job. 



b^Jj^t^g^^ted and expensive systems— is the 
Sternating; boredom a^ that char- 

acterize their jobs. The FMS clearly required 
somex)perator input, yet it had not been de- 
signed to adequately acknowledge and accom- 
modate that input; in addition, operator train- 
ing may not have been sufficient. 

Case 3 — Commercial Aircraft 



The manufacturer of commercial aircraft 
that is the subject 6f this caise study is a_divi- 
sibh of a larger aerospace eorpbratibn. Bb| 
the division and its parent are widely re| 
. as being at the cutting edge bf both prbduet 
and process ihhbvatibh in the aerospace indus- 
try. The case study has a dual focus: first, it 
explores the use of cbrnputer techriblbgy to 
revdlutidnize the brganizatibh bf work, prin- 
cipally in the design and engineering of the aii*- 
plane; then it l^ks at NC machining in a large 
production machine shop. Since the NC ma- 
chine shop is a production terminus of a 
stream of data that flows from design to the 
manufacture of a part, it is directly affected 
by the organiisational changes that are taking 
place: 

The company's Use bf CAD has resulted in 
a number of important benefits: 1) elimination 
of routine work, 2) assured access to the most - 
up-to-date design, 3) reduction in errors, and 
4) the ability to revise designs more frequent- 
ly and to experiment more fully with design 
d^tematives. A central tlmist is to lin^ the 
separate designj^business, and manufacturing- 
computer systems into a centrally directed, in- 
te^ated whcfle, and tb thus move desi^ deci- 
sibha tb a higher level in the organizatibh. The 
gbal is tb create a cbhtrbllable * 'stream" of ih- 
formation gbvernihg the develbpmeht and pfb- 
diictioh of the airplane from the pbint at which 
the airplane is iriitially design^ to the point 
at which it first lifts off the nihway. 

As in the case study of the smaH metalwork- 
ihg shops, the usb oiJSlG has made it possible 
tb rerhbve frbrh the shop flbbr much bf the dis- 
cisiohmakihg invblved in part prbdnctibh, tak- 
ing away a substantial ambuht bf discretion 
from those invblved at the point of production^ 
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at the machine. maehinist's job will be done makes it possi- 
; ble for management to track an individual's 
Case Stady Gbhclusiohs performance rnbre closely^ In adcfition, ah elec- 
The company goal to use GAD to estabUsh ti-onic system makes certain aspects of shop 
a stream of shared data has significant impli- floor operations more visible to management, 
cations for the work environment. For exam- The system enables a machimst to page a sup- 
ple, the jobs of enpneers at earlier points in pbrt group member and dso momtors produc- 
the design process will become broader and tibh at the 66 NC machines, 
more chaUenpng; but there wiU be prc^)Ortion- , 
ately less opportunity for creative work by en- Base 4— The Auto Company 

iM^ti'iyflSJSSllS : TBs case study. x^es the appfication of 

SI procS'over^ |i p^ticular. because -bots to^spot-wmngjperatg^^^ 

of the soecial concern for quality and reUabili- ■ company's assembly plant. In 1980, in re- 

tv of asS rSe to other g^s), it is like sponse to the incrMsi in consumer demand for 

Iv toTav?a negativreffect on middlelevel small cars, the cdmpany designed anew m^^^ 
'4r£ei 4oSS?W.n Accustomed to more . that required Jc^e^^^^^ 

chaHenging work. Considerable amounts of plant visited. The bulk of the ret^ang took 

rSedalJSdlihgwiUbeeliininatedby the pl^ce in the ^ff^S f of the bo^^^^ 

establishment of shared data requirements where sh^t metal parts^ofgte ear are ^welde^ 

and the^toiTiatidn of data transniission be- together. In selectmg machineiy for its new 

^een firSaP? m there wiH be in- welding facilities, the company chose a system 

c^easef mtlrdfpendence among various that PJi^deB^f^^^.P^^^^^^^^ 

SoupTai^d functions witKn the company a^ ^^'^f^ ^^^f t^^^^ 

Sch group spends more of its time working involves « si^gl^^ture or gate t^^^ 

-iu f Vi Jt^A H afa the sides. underbody . and other parts in jgiace 

with shared data. ^ ^ ^pply spot-welds that set 

Use of NG has a number of effects on the dimensions of the body. M^st of the other 

work eh vifbhmeht of machinists at this site. robots in the plant apply "re-spot^' welds 

NG has not elihiinated the need for a skffled which increase the rnechahical strength of the 
bperatbr, since skill is stUl required in the form 

of alert supervision of the machine (rather than ' . , 

contmuoufactive intervention); yet the reinov- The automated area co^^^^^ major 

al of a substantial part of the traditional ma^ components: 1) the subassembly areas wnere 

< i'lJinl W^JTm^es it more difficult for the parts of the|i^s^d unde^b^y,^e^^^^^ 

hheratbr to remain engaged in the cutting together; and 2) the main trame 

SroSrTheiSS^nt oflafitude that NC ma- the sides., roof .and underbody are w^^ 

?hiSS have^ the performance of their du- the robotic system and r^spot robots to form 

tSs sigSFcSt fr&uc°^ if allbut the most the complete car body. The case ^tud^f^s^ 

TbiSirSoi^ng is removed from the shop on the side aperture area where parts ^e 

reported by operators. / \ robots are located in these areas. 

THp studv found that interdependence has - - r 

incrSlSin the machine shop, since there are The robotic system _has a number of majoj 

SSTIuppoH ^l^ups. e g . Warners, in- technical and economic advantages over pre- 
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vibiis methods of welding: 1) the dihiehsibhal 
consistency of the body is_ assured because 
only a single gate is used for each car type; 
2) the strength and quality of welded frames 
are improved because there are fewer missed 
welds, and the welds are placed identically iii 
each body; and 3) subsequent retooling costs 
are substantially reduced by decreasing the 
number of gates and clamps that have to be 
purchased for each model. 

Case Study Conclusions 

Two important specific benefits resulting 
primarily from automation were observed. The 
first was that robots have eUminated a number 
of physically demanding hand-welding jobs 
that required operators to work in the midst 
of sparks thrown off each time a weld was 
made. The second benefit is that automation 
has substantially increased the breadth, chal- 
lenge, and interest of maintenance positions. 
To some extent^ welder repairmen have taken 
9? J*??P??sibilities traditionally handled by 
basic tradesmen in that they maintain a wide 
range of electrical, hydraulic, _and robotic 
equipment, andtheyalso program the robots. 
The corporate director of manufacturing 
engineering regards welder repiiriheh as an 
irhpbrtaht part of the eoiripahy's move to in- 
crease productivity through cbihbihihg jbb 
classificatibhs. 

However, the work enY^r?^i?®?^_has de- 
teriorated^significantly for many production 
workers and supervisors. An intensification of 
work and ah erosion of the quality of life on 
the job for production workers in the body 
shop stern from the fact J;hat subassembly 
jobs are hbw tied tb a line. By tying subassem- 
bly wbrk tb a rhythm bver which the wbrker 
has ho cbntrbl, the autbmated system has 
eliminated the principal feature of off-line jobs 
that made them more attractive than line jobs. 
Downtime on the automated system createsi 
stop-and-go pacing that is beyond the workers 
control; it also creates a situation where the 
subassembly and main frame lines are run 
faster in order to keep up with the rest of the 
plant. For repair supervisors, the responsibil- 
ity for maintaining operation of the complex. 



highly integrated prbductibh system creates 
great stress. 

it is important tojiote^hat these problems 
arise not from automation or the introduction 
of fbbbts per se, but rather from the system 
design and operating practices. Two aspects 
bf the designee especially impbrtartt: the ar- 
rangement bf successive subassembly bpera- 
tibhs in series, and the restriction of spaeefbr 
storing parts between these bperatibhs. The 
design decisibns are cbihpleihehted by the 
operating practice bf stbrihg even fewer parts 
between subassembly bperatibhs thah space 
allows. By minimizing such "banks, " manage^ 
merit believes it can assure a steadier, higher 
quality, and more efficient production flow. 

Uase Study T&emes 



At every ebmpsthy studied, a common theme 
emerged: estabUshihg more effective mahag^^' 
rial ebhtrbl bver the activities bf the ehteiprise. 
Ih the firms that produced parts ih small ahd 
medium batch sizes, PA was the cehterpiece 
bf a strate^ tb establish a iribre managerial- 
ly directed flbw bf parts through prbductibh^ 
ih some cases apprbximatihg the even flow of 
cohtihUdUs-prpcess industries. At the auto- 
maker, where the mass prdductidh of parts has 
been carried out for years on a moving assem- 
bly line, the company sought to extend this 
flow to the remaining off-line areas of the weld- 
ing operation. 

The aircraft cbmpahy alsb sought tb stream- 
lihe the flow of ihfbrmatibh through design 
ahd ehgiheerihg, Ih additidhj it wanted to 
mdve decisidiimakihg td as early a pdiht ih the 
design and manufacture of the airplane asjpds- 
sible. An important corollary df these changes 
was nrinimizing human inj5Ut. This extension 
of control in design and production, in manage- 
^^^I^*'^^ view, makes possible a better coordina- 
tion and a mqr^e effident use of the firm's re- 
sources. Thes^e^ organizational choices, how- 
ever, have important consequences for the 
work environment. 

Because of the great variety df cdmputer- 
based technologies, as well as '^e wide varia- 
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tidn atnohg companies in tenns of the ehwb^^^^ 
mental context into whicH these technologies 
are placed, the findings of the four case studies 
do not suggest any one generalized impact of 
PA on the work environment. Instead, some 
overall themes-emerged to varying degrees 
from the different companies studied: 

• ehshges in sIdU requ^ 

tjonaf structure.— There was a tendency 
to embody skill in machines or to move 
skill to an earlier point in the design ^ahd 
manufacturing process. In occupations 
such as highly skilled^ machinmg th^^^ 
meant that fewer skiUs would be required 
on^the job. Maintenance woife, however, 
tended to require more skiHs. _ 

• Traiiu/ig-.— Some operators and rnainte- 
nance workers expressed a^trbng desire 
for more training that would allow ^th em 
more effectively to run or to repair the 
machines to which they were assigned. 

• Increased interdepehdence.—The intro- 
duction of PA brought about agreater in- 
terdependence among production work- 
ers, greater coHaboratibh amdrig mainte- 
nance workers, and the necessity for in- 
creased cooperation between production 
and maintenance workers. ^ 

• Decreased auto/ibmy. -Computer-based 
automation is used in ways that result m 
decreased autbhbmy for workers^ stem- 
mihg from the removal of production deci- 
sions frbm the shop floor, the electronic 
monitbrihg of some work areas, and the ^ 
attempt bh the part of management tb es^ 
tablish an even flow of parts through the 
plant arid of information thrbugh the 

cbrhpariy. - 

• Bbreddm.— One of the consequences dt 
systems intended to^mimmize bperatdr jn- 
terverition is that machines may run for 
Idriger, although not indefinite, periods of 
time without active ihterveritidn by the 
operator. For some machine operators, 
boredom on the job has become a wide- 
spread complaint. Some maintenance 
tasks, however, have become more chal- 
lenging. 



• SystemdoHoitfme.— Because of the CO 
plexity of prograinmable systems and 
their highlevel of integration^ the effects 
of problems with ahy unreliable element 
of thejystem tend to spread, affecting the 
work pace of production workers and put- 
ting ^eat pressure bri those involvedjn 
the mamtenarice of the system. Downtime 
may decrease with better system design 
and mbre_reliable components^ 

• Stress.— Twb riiajor sources of mitoma- 
tioh-related stress were ideritified:^) woilc- 
ing^bh very complicated, very expensive, 
and highly integrated systems; and 2) the 
lack bf autdriomy at work, extending in 
sbme cases to computerized mbnitbnrig 
by management. ^ 

• Safety.— Some applications otPA make 
the wdrlq)lace safer, either by^iminatirig 
hazardous iobs altogether or by illbwing 
the operator to st£md farther frbm the 
machine dxiring operation. Other applica- 
tions introduce hacsards of their bwri, such 
as automated earners, clariips, and fix- 
tures that move and clbse without direct 
human Initiation and sbmetimes without 
warning. The net effect of PA, however, 
is a reduction in traditidnal physical 



• eieaher and lighter physical work^^ 
operators.— Sdriie forms of PA have re- 
duced br eliriiiriated heavy or dirty work. 
In sbme cases, new jobs reqxiiring physi- 
cal labbr are created in the place of the bid, 
heavier jdbs. . 

• Job secunty.--The combination of sub- 
stantial layoffs at all the large companies 
arid the widespread perception ariibng 
wdrkers that the introduction bf cbiripu- 
terized automation caused sigriifiqarit 
displacemeBtlrmsed strong appreherisidns 
among workers. 

Further ihfonriatidri on these case study 
themes will be included in the foHowing sec- 
tion cbricerriirig impacts on worfc envirohiheht^ 
as well as in dther chapters of the report where 
apprbpriate. 
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Werk Ehvironmenf Impacts 



. The OTA work ehvirdhmerit case studies 
demonstrated some of tKe effects of various 
PA systems in selected envirbhmerits. Some 
reciirreht themes emerged regarding the na- 
ture of those effects. This section examines 
sorne of the broader work envlrdnrnerit issues 
within the categories of drganizatidn and na- 
ture of work, changing skill levels, training, 
occupatidhal safety and health, and labor-man- 
agement relations. 

Orgatiizatidii and Nature of Work 

The ways in which wdrk is drganized, to- 
gether with the specific design features of PA 
technology, will help to govern the effects on 
the wdrk envirdnment. In thS short term, the 
new and emerging technologies will be adapted 
to traditional structures of work organization; 
over the long term, the structures will change 
to reflect the characteristics of the new tech- 
nologies. While it is too early to predict how 
these changes wiU develop, the experience to 
date may offer some insights. j 

One of the most vivid examples of how the 
drganizatidn of wdrk in automated manufaic- 
turing can affect the quality of the work e^^ 
vironment cdrnes from the aliocation of prq- 
graming in an NC shop, as demonstrated] in 
the OTA case studies. The introdu^ fJC 
machinery is usually accwnpanied by the d^ 
velopment of a new programing department 
and a new division of labor. The planning of 
^^^K becomes niore centralized and is moved 
of f^he shop floor, so that plannihg and exeicu- 
tion become increasingly separated. From the 
point of view of management, this reaults in 
increased efficiency and eohtrbl over the prdr 
duetibh process. However, whether or hot prb- 
duetibh workers are permitted to edit pro- 
grams oh the shop flbor^ or in general engage 
in plannihg, can deterrnirie whether their jobs 
are routine and relatively bdrihg or involve, 
instead, an element of chaUerige and decisidn- 
makihg. The assignment df work is a function 
of managerial choice, but it also reflects the 
riatuf e df the product. Fdr example, in aircraft 



manufacture, cdncerns for precision, reliabili- 
ty, arid safety make control especiaUy impor- 
tant. Other settings provide more latitude for 
worker discretion. 

The brganizatibh of work in ways that re- 
mbv^ creative decisibnihakihg from jbbs does 
nbi bhly apply to prbductibh workers. It is also 
reflected in the changes project^ for erigineer- 
ihg jbbs at the sdrcraft manufacturer as CAD 
is used more widely. The jobs ddne earlier in 
the design-build process will be broader and 
more technically detailed, while the need for 
ehgiheerihg skills later in the process will be 
reduced. The result ysnil be less autonomy and 
decreased opportumties to contribute to the 
production process in meanin^ul ways for en- 
gineers who are n^ot performing the broad and 
creative jobs at the beginning of the design- 
build process._ According to the director of the 
CAD/CAM Integration Team: 

Once the system is in place, most of the 
decisidhs are madjij so you're taking away a 
lot of individual decisions . . . whoever 's in- 
volved dbwhstrearh is working in a lot Thpre 
cbhtrblled envirdnment than he has in the 
past. 

It is generally agreed that there is notW^^ 
inherent in automated technology tha mcdkes 
a particular form of work organKation * 'imper- 
ative."*^ For example^ West Germim research- 
ers describee an fidternative job structure fbr 
a flexible msoiufactimng system, SMibugh its 
viability is yet to be proven Ibhg-ienh." Uhdgr 
the proposed alternative, the staff is cbrnpbsed 
exclusively of skilled workers, such as special- 
ists in maehihe tools. Sbrne wbuld have addi- 
tional trsahihg in electrbhics. All or most of 
the nbhmachihing tasks required by the FMS 
could be perforrned by the operators, working 



'^Joei A. Fadem, ''Automationjuid Work Design intKe ILSj 
Case Studies of Qadity of Working Life Impacts, " pabiished 
iii ILO I^teniMondl Compeura^ Study, FedeHcd Butera oiid 
Joseph ThurmanJeds.MAms^^ North Hollahd, 198^)^ 

•'Christoph Kohier and Rainer SchuIte-WUd. •'FiexJbJe Man- 
a fac taring Systems—Manpowor Probtems and Policies," 
presehtod at the 1983 World Congress on Che Hunidh Aspects 
of Automation, Ann Arbor, Mich., August 1983. 

- 209 



192 Cb|pufer/zed Mawraclurrng AutomBtion: Employment, ^^1(00^"^ tVbr?cp/age 




Photo cndlt: Beloli Corp. 



The dramatic change In the nature of englrieerlng work Is demonstratedin tbe threo 
Dhbtbdr^bhs abovi. (Top) pflo_cll.and^aper operatroh at the turn of the^cen^^^^^^ 
rS^ moTe^e^ englneerlno^deslfln (Bottorri 

of data through the use of computer-aided design 
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in job fdtatibh. 0nly some of the prbgraimhg 
jobs and major repair and ihaihtehahce tasks 
would have to be carried but by personnel 
wbrkihg butside the system. This system 
wbuld prbvide cbhsiderable job variety for 
operators, iji cbhtrast tb the more traditibnal 
hierarchical approach of cbmbinihg workers 
who have a relatively low level of skills, and 
whose jobs are highly specialized, with brie or 
two group leaders or fdreirieri with special 
skills. 

Research currently under way at the Univer- 
sity of Manchester iEhgland) is itttemptihg tb 
develop software that will enable tKe equip- 
ment operator tb program ahJFMS by mak- 
ing the first batch bf parts." In this experi- 
ment, the human qualities bf skill-arid judg- 
meht are nbt eliminated, but are assisted and 
made ihbre prbductive. However, some ex- 
perts have expiessed some skepticism about 
this propbsal. They suggest-that it tepresehts 
a cosmetic solutibh that would hot wbrk well 
in practice, since the situation would be the 
; same for the bperatbr ^ter the first batch of 
parts was made unless the parts were changed 
frequently, 

PA alsb has an effect bn the nature bf wbrk. 
A' Strikihg feature bf the many systems bb- 
served during the cbmpahy visits that has cbh- 
sequehces for the work envirbhmeht is their 
high level bf ihtegratibh. This results in ah in- 
creased ihterdepehdehceambhg wbrkers who 
d^al with these systems* Fbrproductioh wbrk- 
ers, this ihterdepehdehce chiefly meant that 
■ at certain stages of prdductidh the input or 
participatibh of others was hecessary, requir- 
ing teams rather than individuals to complete . 
a job. For subassembly production workers in 
the auto body shop, interdependence increased 
because each individual was more closely tied 
into the pace of the system as a whole. One 
subassembly worker explained: 

Bef bre, you had mbre individual bpef atibhs 
. . , ybii might have, maybe, two people wbrk- 

:"H. H. Rbseribrock, The University of Manchester Institute 
of Science and Technology, "A Flexible Mahufacturihg System 
Ln Which Opera tors AreNgt Subordinate to J^aclune^^ a pro- 
posal approved by the Science'and Engineering Research Coun- 
cilin 1983: 



ing tbgether. Well, hbw ybu have maybe five, 
six, seven, eight . . . and everybody depend- 
ent on everybody. 

The higher degree of integration results iii 
iiibre sjnachronous work for all production 
workers, making it impossible for individual 
operators to work faster or slower than others* 
in the system for more than several minutes 
at a time. 

Oh the FMS at the agricultural equipiheht 
cbmpahy there was evidence bf a greater heed 
for equipment operators to cobrdihate with the^ 
system superihtendeht in the cdmputer con- 
trol robin and with other bperatbrs. Even 
staiid-albhe NC bperatbrs, bbth at the aircraft 
manufacturer and at the small job shops, cdm- 
merited bri their increased heed tb rely on pro- 
gramers and other support operations. No 
longer could a machinist execute an entire part 
alone, as was generally done on conventional 
machine tools. An NC operator at the aircraft 
company said: 

Oh a cbhvehtibhal machihe it's pretty 
inUch just betw . 
On the NC machine you've got the program- 
er, . . , NC tbbling, . . . plahhihg, and if any 
one part bf it breaks dbwii, then the whole - 
thing goes. 

A ■supervisor in the same shop also felt the 
effects of this increased interdependence: 

Supervising NC, ybu have tb deal \^ath 
more support grbUps. You're mbi^\1ite^ 
to their preferences. There's more negotiation 
hefbrehand with people like prbgramihg and 
fixturihg. . 

Maihtehance wbrkers experienced the in- 
creased ihterdepehdehce in their work chiefly 
as an increase iri the nged fbr cbllaboratibn 
among the different skilled trades. The com- 
plexity bf the new systems meant that, in 
many cases, diagnosis and repair required the 
input pf Wbrkers with varying backgrounds. 
A sMlled tradesman at the agricultural imple- 
ment maker described the situation: 

Ybu can save a lot bf time by pebple wbrk- 
irig tbj^ther and ge Otherwise a 

tw6*minute problem becomes a two-hour 
problera. A few years agb ybu cbuld db it by 
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yourself, but how ybu heed two heads, one 
mecbahical and one eiectrical, and a good 
operator. 

There are opportunities for_ehlargihg the 
scope of jobs with PA. The 0TA case study 
on the seven small shops outlines a number 
of ways to improve job design for NC opera- 
tors—including involving them in programing 
and editing, and providmg oppdrtunities for 
job rotation. With appropriate training, work- 
ers could be involved in a greater variety of 
tasks by rotating j^obs; however, this would re- 
quire coopemtioh between labor Mid ma^^^ — 
ment in agreeing to increased flexibility in 
work rules. Another opportunity for workers 
to perform a wide range of tasks rather than 
narrow, fragmented ones is in the application 
of ^oup technology, through the use of man- 
ufacturing cells producing families of p^ts 
grouped on the basis of similar shapes and/or 
processing requirements. 

the flexibility of PAprovides the potential 
to achieve a better balance between the et:o- 
nomic considerations that determine techn^ 
logical choices and the social cdnsequences of 
those choices in the workplace. There are 
cases where orgahizatibnal and technological 
changes have been combined successftiHy^tb 
yieia dramatic improvements in productivity 
and effectiveness. >^ While these changes gen- 
erally were motivated by factors othSr thaii 
improving the work environment, orgamzihg 
work in ways that improye^he work ehvirbn- 
.ment should result in economic payoffs as w^ll 
' through better worker mortie and productiv- 
ity. _ 

Many of the concerns about the introduction 
of PA revolve aroUrid the changes it bring 
about in the organization and nature of work. 
The choices made by those who idesigh and 
manage automated systems will have! a pro- 
found effect on how these systems influence 
the work environment. 



eBanging Skill Levels 

Chapter 4 discUssed the changes in sldH 
levels and mixes that can be anticipated 
througli the ihtrbdUction of PA on a Im-ge 
scale- This section de^als with work environ- 
ment aspects of changing skiUs^ levels, Jn- 
cludihg piBrspectives gained from the OTA 
case studies. 

The ways in which work is organized and 
jobs are designed will determine both the sHUs 
needed to do a particular job and the overall 
level of skills required in a workplace using 
PA. In general, PA gives rise to a greater need 
for conceptual skills (e.g. , programing! mici a 
lesser need for jmbtbr skills (e.g., raachimng) 
than are required for conventional eqmp- 
meht." Zubbff describes the new relationships 
between individuals aiid tasks that^e created 
by in&rmatibn technology as "computer-jne- 
diated. '''^ Computer-mediated wort involves 
the electronic manipulaBon of sjonHbls—an ab- 
stract activity rather than a sensual one. There 
will be a greater need for workers to mbnitdr 
and maintain systems rather than to actual- 
ly operate them^and more of the d^isipnmak- 
iiig capabiUty wiU be prograrned^m^^ 
nology. For instance, NG machines have the 
potential to sjgnificahtly lower skill require- 
ments for operators, ebmpared to conventional 
automation. 

In the small machine shops visited for the 
OTA case studies, the owners all reported that 
the Use of NC allowed them to run their ma- 
chines productiyely using workers with less 
skill than \roiild have been required bii conven- 
tional equipment. The use if NC did not make 
machinists' skiHs siiperflUbUs, nor did i| 
eliimnate the need for sbme highly skilled 
workers in the shop, but it did allow the shop 
to function with a Ibwer overall skill level in 
its work force than was previously possible- 
One shbpbwher cbmmented: 



»>Rdb€rt Zager and Michael P_. Rgspw (eds.), ne lnnoxmiive 
Org^zatTon: ProdmMty Programs in Actton (New York: 
Pergamori Press, 1982). 



•♦Barry Wlikin^on.JTAe Shopfldor Politics of New Te^ology 
(tiondon: Heirvemann Educational Books, 1983)- -_, 

"Shdshana Zuboff. "New Worlds of Qpmputer-Mediated 
Work," Harvard Business Rewetv, September-October 1982, 
pp. 144-45. 
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Five, six yeai s ago we were very dependent 
on skilled labor, to the point where I spent 
ll^^lf ^^yi^f® on my hands arid knees begging 
somebody to stay md do something. And 
they tended to be prima donnas: •'i won*t 
work Saturdays- arid— I dbh't^^ 
And this is one of the motivating factors in j 
bringing in NG equipment. That reduced our - 
dependency on skilled labor. 

In situatibn^where less ovefaH skiti is re- 
quired the application of a higher level of skiHs 
will usually result in a more efficient operation. 
Even on a highly automated system, such as 
a flexible rrianufactuiing system, human input 
remains impbrtarit. The initiative and judg- 
ment that are bccasibrially required for opti- 
mum dpef atibri of such cbrnplex systems rhay 
not be pfeserit if skilled craftsrrieri arid/or high- 
ly trained operators are riot available. 

The relative mix of skiHs required within the 
brgariization as a. whole may change with the 
iritrbductibh bf PA systems. This wiH vary 
ariibrig firriis, depending bn their products and 
prcRresses. At the aircr^ mahufaeturihg firm, 
establishirig a//data stream" would affect the 
company's skill requiremerits thrbughout its 
engirieeririg bperatibris. This would make the 
jobs done earlier in the design-build process 
broader and more technically detailed, while 
reducing the autonomy of engineers arid the 
need for skills later in the process. This has 
advantages for the aircraft industry because 
of its particularly stringent needs for quality 
control. As described by a company official: 

A riuriiber of the people that are left will 
be an elernent of a very controlled process. 
The ingenuity of the craft will have been re- 
moved. The advantage is to have more con- 
sistent outcomes with the hiccups rerilbved. 
People's actions will be more controlled by 
strict procedures. The human part of the job 
will be less evident. 

At the sariie tirrie, riiariy relatively routine jobs 
would be eliririiriated. If accomplished^ this 
would bring about a substantial recbrifi^ra- 
tion of skill within the cbmpariy, a re<:orifigura- 
tion that will not necessarily be bbvibus frbrii 
a list of occupational titles. 



At the body shbp of the automaker, there 
h^s been a distinct rise in the ratio of skilled 
ribriprbductibh workers to production workers; 
This is due to reductibris in the number of piro 
ductibri workers as well as increases in skilled 
mairiteriarice labor. 

Training 

Chapter 6 discusses iri detail the chariges in 
education and training needs that will result 
froni the widespread use of PA. This section 
provides perspectives that may go urirecbg- 
razed in explicit education and tfainirig- 
oriented analyses and points to the fact that 
attitudes aBout training complement other 
attitudes and responses concerning new tech- 
nology. 

The OTA work erivirbrimerit case study in- 
terviews detected widespread cbricerri ambrig 
workers using automated ^equip merit abbut 
what they perceived to be inadequate trairi- 
in^g, pardcularly for thek 
chief complaints carne from equipment oper- 
ators and skilled trades people at the large 
companies visited. Some of the interest iri 
training was motivated simply by curiosity 
abbut the new computerized technology. How- 
ever, most often operators felt that their lack 
bf training in the capabilities bf their machines 
made therii less prbductive workers. 

MacWnists in the NC shop at the aircraft 
eornpsmy were the most vocal about their 
trairiihg needs. Although the company spon- 
sored after-hours courses^ thj operators re- 
ported that these classes did not address the 
specific capabilities of their rhachines. NC 
operators were distressed about not knowing 
riiore about their machines; they felt that they 
cbuld produce better parts if they were bet- : 
tef versed iri the use bf their equipment. One 
machiriist cbrrirrierited: 

It's Uke having a DC-3 pilot and walking 
Kim over to a 747 and sa5ang, **Now look guy, 
L^'s an fldrjplsme^^ it to the fuUest 

extent it was made for . and if you don't 
know how to fly it, then check with the gay 
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in the right seat because he has probably 
been in it before and he wiU show you how 
the ropes work." 

Some maintenance workers also complanied 
about-inadequate training. Maintenaiip^ per- 
sonnel are expected to repair increasingly 
sophisticated and complex electromechanical 
equipment, and most of the maintenance 
workers interviewed felt inadequately pr^r , 
pared for this responsibiUty. Bompounding. 
their sense of inadequacy was the rate of tech- 
nological change, which could quickly make 
even recently learned systems outdated, and 
the pressure they felt to repair the costly and 
complex technology in the minimum possible 
tirhe. 

Another force motivating workers' interest 
in further training is the fear of displacement 
as more and more jobs are affected by automa- 
tion. The statement of an operator on t^e 
FMS who had bid biito the system partly be- 
cause of his concern about being left behind 
by changing technology, was typical- If you 
don't get into it, you won^t be able to get by. 
if you're liking at 15 yesors or so before retire- 
. ihent, you'll be sweeping floors." 

The majority of the managers and macliin- 
ists interviewed in the smaU shops believed 
that training oh conventional equipment was 
an important prerequisite for effective per- 
formance on NC equipment^it was not clear 
whether they viewed the technical quahties ot 
Ue to be the principal drawback of learning 

machining on NC ewment^^yig^ IS 
their concerns had to do withhow NC machine 
operators are often trained (i.e., only on a 
single machine, not taught to plan work, set 
up etc.). In the smaH shops, there were no 
cbrhplaints from workers about the adequacy 
of training. This may have been because the 
employees did not expect the employer to pro- 
vid^ training, or perhaps because there was 
' more informal training in smaU shops. 

Occupational Safety and Health 

The various forms of PA have both positive 
and negative effects on the safety and he^th 
of workers. In general, the introduction of PA 



tends to have a favorable impact on the work 
environment, although some new physicalbaz- 
ards associated with the lack of immediate 
worker control over system operations may 
emerge. However, PA wiU create new situa- 
tions, or perpetuate old ones, that may have 
negative psychological effects on the worK 
force. 

Overall, the potential physical hazards^ap- 
pear to be more amenable to solution than 
some of the psychological ones becaise they 
are more easily recognized and are less sub- 
ject to the subtleties of individual personah- 
ties The reUef of such symptoms as boredom 
and stress is more challenging because they 
are not as well measured or understood, ^ect 
different people in different ways, arid are 
often compUcated by other factors not directly 
related to the workplace^ In addition^ a com- 
mitmeht to alleviating monotony and stress 
in the workplace usually involves major 
changes in the way work is structured that can 
pose problems for both managers and other 
workers. TheseJsaEety and health considera- 
tions are discussed below. 



Effects of PA on the Workplace 

Programmable automation has a variety of 
impUcations for health and safety in the work- 
place. For instance, robots are mnenable to 
hazardous tasks in environments that are 
unpleasant and unhealthy for hummi workers. 
Thus, there can be a net positive effect on 
workers when a robot is installed for this pur- 
pateTproyidihg the worker displaced is trans- 
ferred to another job thatis more pleasant or 
is trained to monitor or maihtaih theTobot. 
A worker's lot is considerably improved^when 
hard or dirty physical labor is assumed by a 
robot. 

However, certain precautions are necessary 
to avoid unanticipated encounters between ro- 
bots aid humans. Statistics on such encoun- 
ters in the-United States are presently unavail- 
able, although the Robotic Industries Associa- 
tion^ (formerly the Robot Institute of America) 
is planning to develop them. A recent Japa- 
nese Ministry of Labor survey indicated that 
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in that country, since 1978, there had been 2 
workers killed, 9 injured, arid 37 **riaitdw 
escapes''; since near-accidents are riot usual- 
ly reported, the riuriiber of such iriciderits was 
presumed to be much higher.^® As a result, the 
Ministry of Labor is currently draf ting regu- 
lations dealing with robot safety. These reg- 
ulations will make it mandatory to: 1) enclose 
robots with a protectiye screen or fence, 2) 
establish operating j-eguiations with fail-safe 
on-off buttons and possibly a^^ 
indicating the commencement of operation of 
mobile robots, and 3) installjsafety switches 
enabling immediate shut-down in case of emer- 
gency. Also being considered is specialized 
training on the safe operation of robots, as well 
as the provision of clearer operating instruc- 
tions, including visual aids. 

In response to concerns about robbt safety, 
the Robotic Industries Associatioikhas orga- 
nized _a conmiittee of robot producers to pro- 
vide guidelines for the safe use of robots. In 
addition, major robot users in the United 
States, such as General Motors, Ghiysler, and 
Ford Motor Go., apply their own sets of safe- 
ty standards (see table 50i. The National In- 
stitute for Occupational Safety and Health 
(NIOSH) has a jHanning project under way 
that will examine the potential health arid safe- 
ty problems associated with theiritrbductibn 
of robbtics^d define the rieed for further re^ 
search. NIOSH is alsb develbpirig guideliries 



on serisbr-based methods tb preverit fatalities 
aiid trauriiatic irijuries during the rrisuriteriarice 
of aiitbriiated riiachiries. 

A recent report prepared by the Bntish Ma- 
chine Tool Trades Association described tj&e ; 
potential liazards of robots and developed a 
method of assessing the risks.^^ According to 
this report^ tlie major new hazm^d is the work 
envelope of the robot because it increase^ the 
complexity of guar<;iing arrangements. Ui^prer- — 
dictable action pattems^its ability tb move iii 
free space, arid the possibility bf recbrifigura- 
tibri ill distinguish a robot from bthei)/ auto- 
mated ^uipriierit. The report refers to the fol- 
lowing iriciderits bf uripredicted rbbbt riiove- 
rrierit which have bccuri-ed: ^ 

• aberrant behavior of a robot caused by a 
control system fault, / 

• jariiiriihg bf a servo- valve, / 

• robot iribvement cutting its /umbilical ' 

cord.^ - / 

• splitting bf a iriiiori on ari expb^ed hydrau- 
lic pipe, arid / 

• fault in data trarisriiissibri causing a larger 
than ariticipated riidveriierit of the robot 
arm. 



In additibh, the report discusses recommeh- 
datibris bri design requirements and methods 
of safeguardirig, iricludirig ssife sy sterns bf 
wbrk arid rules for access tb the robot. Ad^/ice 

/ 



- ''^''Microelectrbriics and Its Impact dh Labor," report bf the 
Japanese Ministry of Labor, August 1983. 



''•^Safeguarding Jndujgtrial Robots; Part I, Basic Principles," 
a report of the Machine Tool Trades/Association. London, 
England, 1982. 



Table 50.— GM Robot Safety Standards: Suggested Safeguards 



Saiegiiards 



Uriauthbrized 
Intrusion 



Wechanical stops 

Barriers 

I-QC ko u t ^ ^ ._. i ^ , ^ 

Ljmit detecting hardware 
Software limits 

Prdximity detectors 

Presence detectors 

y Lsjo n o'pi i_c al _sy st em s 

Robot deactivation 

Slow speed, low power 

Excess-flow check valve yiydraUllc fUses) . 

Emergency stop (readily accessible) 

Warning methods — ^^r^-^ 



X 
X 
X 



X 
X 
X 
X 



/ 



Authorized 



teach Maintenance Side by side 



X 
X 
X 
X 



SOURCE: General Motors Corp., Operations Safety and Health Manual, sec. 23, January 1983. 



X 
X 

X 
X 
X 
X 
X 
X 
X 
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bh cbhtrbl systems, programing, mainten arice^ 
arid operation is included^ together with a brief 
summary of the legal requirements as they 
currently apply in the United Kingdom. 

iii bns manufacturing site visited by OTA 
staff, ajiumber of safety precautions for work- 
11$ with ah arc- welding robot were observed.* 
For instance, the robot is pro^amed to work 
in sequence at two stations, allowing the oper- 
ator to set up or clear one station wlnle the 
robot works at the other. Pressure-sensitive 
floor pads prevent the robot from working at 
a station if a person is standng in a risi^ loca- 
tion. Also, a flashing yeUow light indicates 
that tb| robot is on, and an alarm sounds when 
the robot has finished a task. In order for the 
robot to move from station to station, a relay 
switch must be pressed. The opening of a pro- 
tective chain around the area. will cause a cir- 
cuit to be broken' and the robot will stop. 

In the auto company case study, the intro- 
duction of robot spot-welding removed auto 
production workers from the point of contact 
between weld gun and sheet ^netal, where 
showers of sparks were generated. However, 
it was generally agreed that the danger of in- 
jury has escalated for repairmen who work 
with equipment that cannot be pulled to one 
side and replaced by a backup, but must be 
repaired In place before operation can resurne. 
Dangers stem from the complexity, nnfamili- 
arity, and automatic nature of the new equip- 
ment that may move without; direct human 
initiation and sometimes withdut warning. 
The auto company safety adrinnistratqr cbrtl- 
mented: 

... .In the bid days, you had one tweld] gun, 
and you could shut it down arid work bri it. 
Now youVe got this cbriiplicat^ mess. If you 
don't kribw what you're doing, you could get 
hurt. ... We've had press injuries you didn't 
have before, and automatic clamps. 

ProductioS workers who were interviewed in 
the auto plant believe that safet;^^ is poor in 
the automated system/Two problems in par- 
ticular disturbed them— pools of hydraulic oil 



surrouridirig much of the automated riiachiri- 
ery arid the increased risk of cuts with the ro- 
botic welding system^ The union comriiittee- 
man clainied that the pressure to quickly refill 
the conveyors when part of subasseriibly suf^ 
fers a breakdown leads to safety hazards: 

_ This [the need to catch upj is a. real incen- 
tive fbr people to cut comers . . . to take 
chances; it's on 2 of the reasons we do have 
a large number of lacerations. / . . 

It is important to note in this case that, 
while bredfcdowns are techriblogical in natuie, 
the pressure to meet quotas iii spite of equip- 
ment failure is brgariizatibrial. This situation 
is not unique to PA, but the problem is exacer- 
bated by a systerii designed in such a way that 
equipment cariribt be puUeci to one side for re- 
pair, arid by the complexity and automatic n^^^ 
ture of the equipment. In^addition, the ^^^^ 
capital cost of the equipment increases the 
desii-e to use it to the fuUest extent. TK^^ may 
entail bperatirig the line faster to make up for 
time when the machine/is down, in order to 
riieet production goals./ 

The potential safety vkrid health hazards for 
workers-Using video dy^splay terminals (VDTs) 
for GAD are very different from those for 
workers nsirig rqbbts'pr other forms of PA.*on 
the shop floor. Both/the work performed and 
the techi^olbgy itself are substsuitially differ- 
ent. Although there is documentation of in- 
creased levels of stress among clerical workers 
using VDTs for long periods oftime, the prob- 
leriis are lessened when the 
§s a tool to augment other activities, as in 
CAD, and whenAvorkers retain theit autono- 
my and decisjqnmaking fuhctioris. Workers 
arid worker repi;esentatives continue to be cbri- 
cerxied about tevels of radiation eriiitted by 
VDTs, although evidence to date suggests 
that the level^ of radiation emitted by VDTs 
are too low tq be hazardous to health.'^ Never- 
theless, NI0SH is continuing research in this 
area. Eyestrain and postural prbblerils are con- 
troUable to some extent through, properly de- 



*OTA site visit. Emhart Corp.; United Shoe Manufacturing 
Plant, Beverly* Mass., June 1983. 



_ » »* * Video bisp j ay 8, Work_a_nd V ision» " report of the N atibhal 
Research Council {Washington^ D.C: National Academy Press, 
1983). 
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signed workstations, lighting, and frequent 
breaks. 

_ Based oh the techhoTogies bbserved for the 
OTA wbrk^ehvirorxmerit case studies, the field 
record of PA with respect to safety appears 
to be mixed, which is to be expected with rel- 
atively hew technblogies. Oh the one hand, 
some types of autbmatibh remove production 
wbrkers frbm clbse cphtact with tools during 
actual operatibh. Three different field ex- 
amples suggest that automation can iniprove 
safety by increasing the distance between 
workers and the part being niachined, assem; 
bled, or processed: 1) thSfetroduction of robot 
welding removes workers from the point of 
contact betvveen the weld gun and sheet metal; 
2) machinists on NC equipment work at a 
greater distance from cutting tools and often 
are separated by doors ^d enclosures; and 3) 
at the agricultural implements firm, robots 
rather than workers now spray-paint tractors 
in an atmosphere fiHed with fumes. 

On the other hand, it was nDted that autq^ 
mated cfiurriers, clamps, and fixates move and 
close without direct human initiation and 
sometimes wit hout warning^ Tliijs can be par- 
ticularly dangerous where adequate precau- 
tions £ure absent and in highly pressured set- 
tings, e.g., for maintenance workers who deal 
with complex equiprnent bh ah assembly or 
processing line that cannot start again uhtil 
they finish repair work. One wbrker at the agri- 
cultural implements firm hbted: 

I've seen the thing move and nobody 
toucfaed a button. You're dealing with sbme- 
thing ybu cah'i cbhtrpl. It's created a whole 
different type of prbblem— not necessariiy 
more problems— out different problems. 

Working around complex machmery that can 
move in^eyeral different dn-ections according 
to a plan that is not under the cbhttol of ah 
operator or repair person— and rhay hbt eyeh 
be weH understood by thbse in the immediate 
area— was mentioned by workers as a signifi- 
cant safety hazard. The level of complexity bh 
prbgrarhrhable systems may make it difficult 
fbr a wbrker to anticipate the system's behav- 
ior and avoid the risk presented by sudden and 



unpredictable metibh. This was dembhstrated 
irx 1979 in Michigah wheh a worker was kiUed 
when hit ih the head by a **rbbbt arrh." The 
wbrker was attempting tb climb a storage rack 
tb get parts because a materials handling sys- 
^m desired tP ^tch parts automatically had 
beeh malfuhctibnihg. Siiice the arm operated 
silently, the wbrker was uhaware it had re- 
sumed activity.^^ 

Nevertheless, wit t appropriate preeautibhs 
the use of PA wiH reduce hazards in the work- 
place. It also wiH allow hew wbrk in hazardous 
ehvirbhmehts such as toxic waste hahdlihg, 
huclear pbwerplahts, and uhdersea activities. 

PsycHdldgical Effects of PA bh Workers 



has the potential for creating a nimaber of psy- 
chologicS innpacts on workers. Some of thesgj^ 
effects may represent a temporary phehbrhe- 
non restStihg ff orh a mismateli bf wbrker skiUs 
and job requiremehts; i.e., experiehced work- 
ers may be either bver- or uhder-qualified for 
wbrk they are dbihg bh hew automated sys- 
tenis. 



Two of the principal effects, boredom and 
stress, are often closely related in that long 
periods of boredom at work can lead tb stress 
ih some individuals. In bther ways, they Tep- 
reaent opposite ehds bf a sjpectmih of individ- 
ual reaetibhs tb work respbhsibilities. Bbre^ 
dbm ahd stress ih the autbniated wbrkplace . 
can result frbm the characteristics bf the de- 
si^ bf the technical system and work orga- 
hizatioh, as well as from sUch factors as lot 
size and the nature bf the product manu- 
factured. 

Boredom.— PA teehhbrogies, such as NC 
machine tools and flexible hiahufactUring sys- 
tems, are usually desired to run with minimal 
operator ihtervehtibh. The human intervehtibh 
that is planned ihtb the system is of a relative- 
ly routihe sbS; such as making tool changes 
or perfbrmihg other preventive maintenance 
duties. However, ih OTA case study inter- 

-'^'-MOUdris Paid in Robot Death." Ciiic^go Tribune, Aug. 11. 
1983. / 
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views, both the owners of small shops using 
NC machines and the project manager of the 
FMS acknowledged that operator input of 
more than a routine nature, such as being ^ert 
to problems and acting to eliminate or mini- 
raze difficulties that may develop, was rnipor- 
tant to the smooth functioning of the prjoduc- ' 
tion process. This need for alert and intelligent 
operator intervention is at odds with ah im- 
portant aspect of the system's design— the 
tempt to remo ve the necessity for ihtervehtibn 
as far as possiBIeriHbweyer, some believe that 
WO] kers will always find ways to intervene in 
automated processes. ^**) 

Some NC operators, especially those mak- 
ing long cuts^on NC machines, reported bisihg 
bored for si^ficant portion^^ their working 
day. NC operators reported that th^lethargy ^ 
that developed from long periods of inaction 
interfered with their ability to do their work 
most effectively. Ah NC machine operator at 
the aircraft mahufacturihg cbmpahy said: 

The hardest thing to do is to keep yourself 
on your toes checiiing the measurements, ^ 
Just because the tape says it's good, it's riot 
necessarily so . , ^ you gej; to reljan^^ 
tape, and what the machine can do, and some- 
times ih'3 boredom— you know, you'd just as 
soon put another part dri arid just sit ddwri 
again. • ^ ; 

The boredom inherent in ninning a machinel 



tool that can function automatically fojc^eri- 



ods of tin^ is exacerbated in some^cases by 
long ruiiriffig times for individu so that 

there may be hours and sometimes even days 
between changeoyers when a new setup is re- 
guired. Part^ with long nmhihg tirhes are par- 
ticularly common in the aircraft ihdtistry, so 
' that machinists at the aircraft mahufacturer 
' and at the smaH shops that were subcohtrac:^ 
tors to the aircraft ihdiistiy ehcoimtered maj^ 
parts requirihg lehgthy cuts.?jarge lot sizes, 
which demand that ah operator riiajke the sarile 
part repeatedly, were also a factor in bbredbrii- 

^n the FMS, boredom appem-ed to be less 
of a problem for operatorsj tins may have Been 
a function of the broader range of problems 

*<*0'Tbdle, bp. cit. 



to which the system was subject. The large 
the number ahd variety of . uhahticipate 
events, the less opportunity there was to be 
bbred.^^As with NC machine bperatidri, the 
slower periods when FMS operators appeared 
to be idle were actually times wheri they were 
overseeihg the system arid watching for prob- 
leriis. But it was difficult to sustain alertness 
during these monitoring periods. Boredom 
could set in because there was no immediate 
need for active interventipn and the applica- 
tion prdblem-solvlng stdUs. Because qpe^^ 
tors participated in the diagnosis and minor 
repairs of the costly and complex systems, 
periods of relative inactivity alternated with 
periods of considerable stress and pressure 
whg^ problems arose with the systerh. This 
situation is similar to a number of other work 
environipents that are highly cbrnputerized, 
such as nuclear pbwerplahts. 



Boredom that resulted from th€^way work 
was organized was a cbrnmbn complaint 
among NC operators who w^e ihterviewed for 
the case stu<ies. SkiHed NC opera tbrs whb did* 
hot write part prpgraih^(ije., the majority oX 
those ihterviewed) reMAed that bperatih&ah 
NC hia^hihe was sigmftsmtly less iritere3^irig 
anc(bra^r^hg thahn^ cbhveritiorial 
macK^^^^fiie-i^-^ possible for 

NChlme^hists to w their^ 
at Jeast fo^^^si^^ shop floor program- 

rd-ely found in the sites vlsit^ for the 
case studies, either in the small shops or in the 
large NC machiE^shop^at the aircraft manu: 
facturirig company. An experienced machms^ 
in one of the small machine shops commented: 
'''You get to be, in my opinion, on an NG^_a_Ht:L. 
tie weak-niinded." Another said, ''They're 
junk as far as I'm concerned. . • ^ You cSi take 
a c^himpajizee, t^re^4ig^ goes on, push a bnt- 
ton." Jn the sites visited, only the skilled 
machinists who were.able to do some pfb0;am- 
ing felt positive about KC machinihg. Imt^ 
smdl shops, some relatively ihexperiehced{N€^ 
operators who had beeh machinists for ORly 
2 or 3 years repbrted fewer problems with 
bbredbm, ihdicatihg that a worker's previous 
experience is ah iriipbrtaht factor. 
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By removing programing from the shop 
floor, the most intefiesting and creative part 
of NC niachimngjvork has been taken but of 
the hands of the maclrinist. If the equipment 
operator were giverrihe responsibility for de- 
ciding how to make the part (to the extent this 
is technically feasible ^d assumihg the oper- 
ator wanted the additidhal responsibility), 
boredom would be substaiitially reduced. A 
machirtist in a small rhachihe shop said: 

How could you make the job mbre.iriterest- 
ing? With a machihe like this [an NCJatheK 
giBt a good operator who knows what he's do- 
ing, , . : give him a chance to do a setup arid 
learn how .to program *he machine, so th^^^ 
he can look at thie^ readout, and he can under- 
stand what the machine is doing, not just 
stand here and just wait arid then push the 
buttbri and take this part out— that would 
help for a while. 

In some settings, however, prograniing or 
editing on the shop floor niay be unavoidably 
constrained. In defense applications, for exam- 
pie, NC programs may be certified by the De- 
partment of Defense, a situation that militates 
against ad hoc changes by machihists. 

Stress.— As in many workplaces, work-re- 
lated stress is a significant feature of compu- 
ter-automated workplaces. Evidence froni the 
QTA work erivHu-bnrneht Cas0 studies suggests 
that f br rriany workers stress is an iniportant 
factbr in the work environment, p^articularly 
for employees who have responsibiHty for^veiy 
cbrriplex and expensive systenns. Two major 
sburces of automation-related stress were iden- 
tified: 1) stress associated wth workin^^ 
very complicated, capitd-intensive, and highly 
integrated systenis^ and 2j the lack of autbn- 
omy at work, extending in some eases tb com- 
puterized monitoring by management. In 
many cases, stress may be considered a tem- 
porary byproduct of the change process itself; 
in others, it may become a perrrianerit feature 
of the work envif onrrieht. , 

In the plants studied, maintenance workers 
arid equipment operators who had some rnaih- 
teriarice duties reported substantial stress 
associated with having the responsibility fbr 



mguritaining sophisticated, costly,, arid iriter^ 
dependent auton^ated systerhs such as the rcF 
botic welding system at the auto plant br the 
materials handHng systenxat the agricultural 
implemejits manufacturer. The cbriibiriatidri of 
the complexity of the aysteni arid the pressure 
to miimnize downtime because of the high cost 
of lost production added up tb substantial 
stress for somemairiteriarice workers assigned 
to systems of this sort— a prbblerii intertwined 
with but also distinct frorii the physical haz- 
ards that such stress produces. 

The most vivid example ol this type bf 
stress was in the^body shop of the autbmaker, 
where welder repair supervisors repbrted be- 
ing under extreme pressure. In the area of the 
body shop where the side aperture robotic 
welding/automotic re-spot line is located, there 
had been a 156 percent aririual turnover rate 
among first-Hrie supervisbrs. A gerieraji fore- 
man said: 

This has been the hardest 3 years of my life, 
there isn't any relaxation . . . I've walked out 
' of here and sat in riiy car, unable to move, get- 
tirig riiyself together: 

The highly integrated naSire of the automated 
framing system, which links in series cbmpilex 
electronic andjnechanical components,^ rriearis 
that a failure in one part of the system spreads 
quickly to other areas. 

The high cost of the equipnient in the auto- 
mated body shop is a further source of stress. 
Thousands of dollars worth of damage may be 
dbrie if a supervisor, in haste, misdiagnose^^ a 
problem, the same problem was mentioned in 
regard to the FMS of the tractor producer. As 
one operator put it: 

When you're first down t^^^ 
nervous. Because everything's so expensive 
you don't want to break anything. 

Another source bf stress for workers on 
automated systeriis comes from system unpre- 
dictability. CbriipUterized automation, as an 
electrician at the tractor assembly plmt smd, 
**is rriade to go and stop on its own progra^^ 
A rriachiriist at a smaU machine shop made a 
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similar comment about working on NC ma- 
chine tools: 

These NC machines— they 're unpredicta- 
ble; You don*t know what it's goingLto do, the 
first time you run that program. Ybu*re al< 
ways dh edge until it's proved out. 

The reduction in autohorny at work can take 
its toll in stress on the worker. In all of the 
work sites visited for- the case studies, man- 
agers spoke about using PA to establish bet- 
ter plahnii^ and alldcatidri df all the firm's 
resources. A frequently mentioned benefit in 
batch prdductidri was faster throughput, the 
ability td complete the production df a part in 
less time, as a result df more effective direc- 
tipri df the part's movement through the shop. 
The particular drganizational chqices r^^^ 
efs made to establish greater control resulted 
in less autonomy for the w^^orkers involved. In 
general, reduction in amount of_a^u^?^o™y 95 
the job is likely to be mo^re stressful where 
workers previously had a greater degree of Jtu- 
tonomy and now have either less or none at 
all. It also would be different m degree depend- 
ing on the experience and expectations of the 
individual worker. 

Analyzing studies df Swedish and American 
men, Dr. Rdbert A. Karasek fdund that work- 
related strain was a function not of hea\^jqb 
demands aldne, but of the combination of 
heavy jdb demands with restricted job control 
and decisionmaking latitude. He concludes: 

the bppbrtuhity for a worker to use his 

skills and td make decisidris about lus work 
activity is associated with reduced symp- 
toms (of stress) at every level of jdb demahds. 
We do hot find, therefore, suppdrt fdr the be- 
lief that most ihdiyiduds "qyerly^^ 
with decisions face the most strain in an in- 
dustrialized ecbnbmy. Literature lamenting 
the stressful burden df executiye decision- 
making riiisses the mark: Constraints on deci- 
sionmaking, not decisionmaking per se,^are 
the major problem, and this prdblem affects- 
hdt dnly ex€<nitiyes butjvt^^^ lowstatus 
jobs with little freedom for decisionmaking 

"Robert. A. Karasek, Jr., ''Job Demands^ Job Decision Lati- 
tude, aisd Meiital Strain: ImpHcationa for Jxih_Redesign/* Ad- 
mimstratjve Science Quarterly (24), June 1979. p. 303: 



; . . e^..^ assembly workers, gfirment stitch- 
ers, freight-ahd-materials hari^ hiirse's 
aide&and orderlies, and telephone operators; 

Machine-paced work, such as was found at 
the agricultural implements company and at 
the autd manufactiirer, affects autonomy. As- 
sembly workers at both companies were paced 
by the speed of the line, so that both the rate 
of their work and the timing of their breaks 
were out of their control (and also unpredict- 
able, in the case of downtime). Lack of auton- 
omy ia^ot, of course, a new issue on the shop 
floor; it isjiot easity alleviated^ jmd may in- 
deed be aggravated, by the introduction~6f^ 

The increased visibility of shdp dperatidhs • 
made possible by cdmpUterized monitdrihg 
and schedulirig systems allows management 
td spot bottlenecks mdre readily and take cdr- 
rective action when necessary. However, what 
inf drmatidri is gathered and how it is used can 
result in new forms of control^bqth subtle and 
direct, over worker activities.^ Electronic 
monitoring of worker performance, and the jqp- 
prehension it engenders in workers, can also 
add to stress in the workplace.^ 

One system observed in the site visit td the 
aircraft manufacturer mdnitdre^^^ prdductidri 
at 66 NC machines that are directly wif ed intd 
the system. The goal is to establish direct feed- 
back ffdm the shcj) fLoor to management about 
hdw an impdrtant element of the NC program 
—the cdritrdl of machine feeds--i-is earned o^^^^^^ 
The system and a panel that shows the status 
of each machine-- jninmn 
than 80 pe^rcent, ji6wri^.pr tem^ halted 
for part handUng—isJiou^^^ above the shop 
floor in a control^ room with a view of the sur- 
rounding^ macliines. By looking at a pane^ a 
supervisorial! tell_ the status of aH the ma- 
chines in a gwen jurisdictibn^Mbrebver, super- 
visors obtain daily repbrts febm the systern, 
and weekly and znbntHiy tabulations are made 
in chart fbrm fbr upper management. 

The system seems to be widely accepted, 
even though some operators are apprehensive 
about its monitoring rapabiHti^ machin- 
ist said: "It's like having a big television cam- 
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era looking over my shoulder,") One of the 
reasonJi it has beei^ accepted is that certain 
limits on its use by management are fairly well 
established after several years of operation. 
The company has mi agreerheht with the union 
^ that information from the system will not be 
used to discipline employees, although oper- 
. ators said that individual supervisors could ex- 
ercise various sorts of informal discipline if 
they so chose. Mbnitbring, which is not a new 
issue on the shop floor, was also emerging as 
an issua among engineers at the companj^be- 
cause of the potential Use of CAD terminals 
- for fribhitbring the amount of time spent at the 
terminals by individual engineers. The capa- 
bilities of the technology are thus expanding 
the concerns about computer monitoring into 
higher levels of the organization, affecting per- 
sonnel who lack prior experience with or cop- 
ing mechanisms for it. 

Labdr-Mahagement Relations 

The effects bf PA oii the work environment 
will be determined in part by management's 
motivatibhs for automating and by the nature 
of labor-management relations.* Management 
might decide to introduce PA for a variety bf 
. reasons, sUch as: 1) to improve productivity, 
2j to reduce costs, 3) to standardize produc- 
tion methods, 4) to enable the use of workers 
with fewer skills, 5) to increase control over 
the pace and quality of praduction, and 6) to 
get on the technological bandwagon. Who 
makes the decision in the brganizatibn will also 
have an important effect bri the results. Re- 
search suggests that managers often lack the 
background to assess the technological op- 
tions, while ataff familiar with the new tech- 
nologies are l^s^a^tb appreciate associated 
strategic dimensions." 

*This discussion focuses oh work erivirdnment issues; it ex- 
cludes wages, benefits, and other industrial relations isisu^ For 
additional discussion, see OTA Technical Memorandum '^Au^^ 
tomation and the Workplace: Selected Labor, Education, and 
Training Issues," March 1983. -.-^ v,^ 

"Stephen R. Rosenthal and Homaybun Vbssbughi, r actory 
Automation in the U.S.: Summary of Survey Responses and 
Initial Cbn^ehtaries;" School of Management, Boston Univer- 
sity, March 1983. 



Once the decision is made, the strategies _ 
employed by management for introducing PA 
are key in determining its impacts. Prior ex- 
perience seems tb be an important factor in 
how an organization copes with additional 
automation." Alsb, the introduction of new 
technology may be facilitated by ^ood intra- 
cbmpahy cbmmuriications and a '/par- 
ticipative" management style." Where the 
knowledge and expertise of workers is factored 
intb the decisionmaking siurounding new tech- 
nology, and information is shared, impleraeh- 
tatioh problems may be miniiiiEed somewhat. 
In the agricultural implements case study, 
when asked what he would do differently, 
given another opportunity, ihe plant's 
manager of manufacturing replied: 

We wmld bring in the electrical and me- 
chanical skilled trades |)eople earBer so they 
cbUld see the equipment installed^ . . . We 
would have our own skilled trades jpeople look 
over the shoulder bf tiie installers. . . . We 
would also have brought in more systems 
people earHer, especially systems people with 
shop savvy. 

Cooperative arrahgemehts between universi- 
ties and manufacturing firms may be useful 
devices fbrihtrbducing new technolojpes. For 
example, Worcester Polyt^hnic Institute and 
the Emhart Corp. joined together to for rn ah 
on-eampus research center to work on ^prac- 
tical applications problems involved in in- 
trbducihg robotic systems to Emhart's oper- 
ating divisions." Releymt personnel at all 
levels (production, support, and prbfessiorialj ; 
participated in applications develbpment and 
preparation. 

The nature of labd^management relations 
will affect the implementation of new technol- 
ogy and its cohsa|Uences for the wort ehvirbn- 
ment. Cobpef atidn between employers, work- 
ers, and society in detenmning the desi^, Jm- 
plemehtatidn. and pace of change would tend 
tb minimize potential negative effects bf tech- 



"Donald Gerwin, "Do's and Don'ts of Computerized Manufac- 
turing," Harvard Business Hewew, March^Aprii J982, p. 110. 
»*Th^_ Impact of Chip. Technolo p. 8. 

"OTA Education and Training case study. 
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holbgical innovation.*^ Such cooperation, how- 
ever^ wilLreq.uifj&mutuad trust among the par- 
ties involved. Wliile such trust traditionally 
has hot beeh.a hallmark. of labbr-mahagerheht 
relations in the United States, some observers 
predict that Arhericah industrial relations will 
become more hospitable to coUabbratibh in the 
hear futurd due to such pervasive circum- 
stances as intense foreign competition and 
techhblbgical change. 

In response to changing worker expect a- 
tibhs, mahagemeht increasingly has been 
* f breed tb pay greater attehtibh to the needs 
bf its wbrk fbree, beyond the traditional ones 
bf fair wages and benefits. This trend haa been 
growing since the I960's and 1970'suuidis hbt 
limited tb either hew techriblogy br PA. Ih ad- 
ditibh tb such prb visions as profit-sharing and 
job security, wbrkers have been demahdihg a 
greater say in rhatters that directly affect their 
workplace; where mahagemeht has begiih tb 
tap into this khdwledge and experience they 
have often discovered a hew source of support 
and insights. ' 

The attehtibh beihg giveh ih the United 
States tb the Japanese style bf labbr-mahage^ 
meht relatibhs seenis to be affecting the hatiire 
of labbr-niahagemeht relatiphs ih this cdUhtiy. 
Ih particular, cooperative labdr-hiahagemeht 
efforts ih sdlvihg workplace problems have 
been gaihihg popularity ih the United States. 
These inhovative work experiments are known 
by a variety of names, including Quality of 
Working Life Programs, Quality Circles, La- 
bor/Management Committees, and Employee 
Involvement Programs. A recent Department 
of Labor document identifies ^d 
oyer 200 cooperative labor-mraagement pro- 
grams^" the International Association of Qual- 
ity Circles promotes quaKty circles through 
conferences, training activities, and educa- 
tional materials; and consulting firms are be- 



•*Ddricdd Kehhedy, Charles CrayiK), and Maiy Lehman (eds.), 
L.^l^^. ^^dT^hnolo^: Vmcm Response jp C^ 
ments (Departmeiit of Labor Studies, The Pennsylvania State 
Univfirsity, ia82): _ _ __ ; 

''"Resource Guide tb Labbr«Mariagemerit Cbbperatibii," U.S. 
Department bf Labor, Labor«Mariagemeht Services Adminis- 
tration, October 1983. 



ginning to provide guidance for setting up 
such efforts. Memberslilp in participative pro- 
grams is usually voluntary, and training in 
prdilem-solvihg techniques is provided. Gen- 
erally, their purpose is to identify and help to 
solve everyday problems oh the job. Such pro- 
grams have had mixed results, reflecting the 
diversity bf approaches taken, mahagemeht 
styles, ahd^wdrk force heterbgeheity. This 
rnakes it difficult tb generalize abbut the gnals 
of these programs br tb evaluate their effec- 
tiveness. 

J^Sprts occur in either union 
or nonunion settmgs. Indeed, their presence 
in nbnjinion settings is attributed by some as 
a factor constraining further unionization, in 
plants that are umonized, cooperative groups 
usually deal with workplace issues that faH 
outside thecoHective bargaihihg framework. 
Quality circles, modeled after the ^aHty cbh- 
trbl circles ih Japan, are usually management- 
initiated tbjmprbve product quality and pro- 
ductivity. Fbr this reason, sbrhe uhibhs view 
them as mahagemeht devices to increase pro- 
ductivity at the expense of wbrkers, ahd sbrhe^ 
times as a way tb fight unions, rather than as 
efforts to increase worker participatibri. The . 
fragility of some quality of work life (QWL) 
programs has been demonstrated recently 
when UAW union locals in GM plants in both 
Michigan and California called for either dls- 
bandment or ree valuation of QWL programs, 
criticizing management for abusing the coop- 
erative spirit of the programs. 

In the case of the ihtrodUctioh of hew tech- 
nology, successful labbr-mariagemeht cod 
ative efforts should have a positive effect qri 
the way in which it is perceived iii the work- 
place. For instance, the UAW-Ford Employe 
Involvement Program is viewed by employees 
as having a beneficial effect on theirjobs and 
the work environment.^^ Where such programs 
are functionmg weU^ they could help to ease 
the changes brought about by the introduc- 



='***UlfltW^b¥d"E^mpIbye involvement: A Special Survey Re- 
■ port," Center Report 1, UAW-Ford National Development and 
training Center, 1982. 
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tioh of PA. The pri. al uncertainty sur- 
rburidirig such programs appears to be, how- 
ever, their relationship to the perhaps more 
fundamental issue of job security. Labor-man- 
agement cooperation appears to be spunder 
where the fact of jobs is not in question. 

If PA is perceived to be a growing threat to 
job security, that perception may interfere 
with other labor-management cooperative pro- 
grams. Other factors that may Hnder new 
joint prbgr arils are the reluctance of jpar ties 
to fundamentally revise their attitudes, exter- 
hal events such as a r«ession^and lack of com- 
mitment by diie or the other party.'^ Some ex- 
perts believe that shifts in labor-management 
relations iii recent times have been the result 
of recession and do not represent any funda- 
mental change in the attitudes of either man- 
agement or l&bor.^« The tenor ofjnegotiations 
in rnajbr cbll^tive bargaiidng to take place in 
1984 arid beyond will bear watching to see if 
there are perceptible treads in a changing cli- 
mate of labor-management relations. 

The latest Bureau of Labor Statistics data 
(September 1981) give the number of employed 
wage arid salary workers in labor organiza- 
tions as 23 percent and the percentage repre- 
sented by labor organizations as 25.7 percent, 
although thejproportion varies ariibhg indus- 
tries (see table 51):^* Experts suggest that 
these percentages are currently a few pomts 
lower. The approaches to hew techridldgy and 
accompanying levels of cbhcerri have varied 
among unions, althbugh overall concern is 
i growing. While the views bf unionized workers 
concerning new technblbgy are kno^^^ 
known about the attitudes bf workers in non- 
iinionized companies. However, they would 
likely cover a brbad range depending on the 
size of the company and the type of labor poh 
icies emplbyed. One study foimd that some of 



"Irving H. Siegel and Edgar Weinberg, Labor^^Tam&Bment 
C6dp&-aUon: ThB AmencanExpeden^^^ W. E. Up- 
john Institute for Employment Research, 1982L ^ _ 

^•"Sar A. Levitan and Clifford M: Johnson, "fcahor and Man- 
agement: The lUusipn of CcKjperat Harvard Bustn&BS iZe- 
vjew^ptember-bct6ber 1983j ^. 8. ^. «r r 

'•"Earnings and Other Characteristics of Organized Work- 
ers/' U.S. Department of Labor, Bareau of Labor Statistics, 
September 1981. 



the large nonunion companies resembled the 
large Unionized companies in their labor prac^ 
tices, and some even had policies that were 
more restrictive than those of uhibh cbhtrac- 
tual arrangements." In the small hbriunioh 
shqf>s visited for 0TA work ehvircwneht case 
studies, workers interviewed seemed tb accept 
the fact that the future lies in increasing 
automation, whether br hbt they like it 
personally. 

Unions have attempted to mmimize what 
are perceived as the socially harmful effects 
bf hew technologies qn the labor fbree, such 
as job displacement and deskilling. Such ef 
forts include collective bargainihg, brgaiiizmg, 
and political strate^es.^^ For instance, tech- 
nology clauses are becoming mbre cbmmbri in 
collective bSgafeing agreements^ and some 
unions provide model contract language to 
their local b6dies that covers the introduction 
of new technology. Adjustment procedures 
and program^^ such as advance notice and pro- 
visions for training relate to new te^ 
increasih#y:^are ihcluded in union contracts; 
Recently AT&T and the local operating com- 
paniea that were spun off in January^ 1984 
agreed tb bffer retraining for other company 
jobs at cbmpany expense, md thus job sec^^^ 
ty, tb any wbrker whose job will be eliminated 
by the introduction of new technology. 

The International Assbciatibri bf Machinists 
and Aerospace Workers' Technblbgy Bill of 
Rights, which outlines a specific list of worker 
ri^ts 5vith respect tb the introduction of new 
teclmolbgies, has been provided to local unions 
as a guide tb be used during contract negotia- 
tions (see table 52). However, in a recent con^ 
tract hegbtiatibn in CaMornia the coc^any ig- 
hbred the Union request for one of the items 
listed oh the Bill of Rights---the retrfiAaing of 
wbrkers whbse jobs are eliminated because bf 
hew technblbgy.^^ 



"Jack Stieber, Robert B. McKersie, and D. Quiim Mills (wis.), 
UJS. Jndumial nelaUons 1950/l98Q:_ A^^ Assessment 
(Madison, Wis.: IhdustTid Relations Research. Associatjpn, 
1981L from chapter entitled ''Large Nonunionized Employers 
by Fred K. Foulkes^ 

"Kennedy^ Graypo, and I^hman, op^Jcit- 

^^^'Machinists Clear Pact With McDonnelL Bolstering Firm s 
tough Stand oh Costs," Wall Street Journal, Nov. 8, 1983. 
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; less than .75l.DC0 _ ; _._ 

: Due to rounding, sums of individual items may not equal totals bashes (-) indicate no wori<ers m cdiI. 

iRCE: Bureau of Labor StatlsUcs. "Earhlhos arid Other Characteristics of Organized Workers, May ':98d." Bulletin 2105, September 1961, p. 27. 
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Table 52.— Workers* Technology Bill of Rights 

' I New Technology shall be used InA^waY.that creates 
arid ordriidtes community-wide and national full employ- 
merit. ^ 

ii. Unit Labor Cost savings and labbi^ productivity gains 
resQlting from the usjejolRevv Technbldgy shalj be 
shared with workers at the local enterprisejevel ahd shalj 
riot be permitted to accrue excessively or exclusively for 
ihe5aJn_of capital, management, and shareholders. 

lii: tocal commu_niti_es, the states and the natio^^^ 

to req u I re e m p I oy e rs to pay a _re p I ac em e n t tax , b ri al l 
rii ac h i h ery. equ i pm e nt . ro bo t s , and p rod ucJt ion syst em s 
tjiat displace wbrkers^ caUse Unemployment and, thereby 
decreasejocal, state, and federal revenues. 

I V ; N e w Te c h no l ogy s h alj Jm_p ro y e_ the cb ri d i t ib ns b f wb r k 
and shall enhance and expand, the j)pportynitjes for 
knbvvledge. skjlls. and compensation of workers, _Dls_- 
Placed workers shall be entitled to training, retraining 
and subsequent iplb placement br re;emjD|byrTlent. 

V. New Technology shall be usedltoldevelop and strerigth- 
eh the U.S. industrial base, consistent with _th^_Fy[l 
Employment gbal and national security requirements, 
before itjsjicensed or btherwise exported abroad. 

VI New Technology shaQ be evaluated in terms df^wdrker 
safety and health and shall not be destructiye of the 
workplace ehvirdhhnent, nor shati it be used at the ex- 
pense of the community's natural environment. 
V!l: Workers, through t_heir_trade unibns and bargaining units, 
shall have an absolute right taparticjpate in all phases 
bf mariagement deliberations and decisiojis that lead or 
•could lead tb the ihtrbduct|dn of new technology or the 
-hanginaofjhe v\/orkplace systerin design, work proc- 
esses and proced u res _fo r do] ng yvbrk, i rid ud i rig the sh Ut- 
ddwri or transfer of work, capital, plant a_nd_elqujpnnent. 
Vlll. WbrRers shall have the right to monitor control room 
centers and cbntrbl statlbris and the new technology 
shalJ not be usejjtdlmomtbr, measure or Ot^ 
trol the workpractices and work standards of individual 
workers, at the point of work. __ ^ 

iX. Storage df an iridiv|dUal worker's personal data and in_- 
formajlonj ileiby the empldyer sh^H be tightly controlled 
and the collection an_d/or release and disseriniriation of 
information with respect to rac_e. Miaipus qr, pdlitical 
activities arid beliefs, records of physical and_ment_ai 
h_ealth disorders and treatmerits, records of arrests and 
felony charges_or convictions, Irifdrmation concerning 
sexdal preferences and conduc^tt infbrriiatibri cbricerri- 
irig internal and private family m_atters,_alndlnformatibn 
regarding ari iiidividual's financial condition or cre.dit 
worthiness shall nbt be perriiitted, except In rare cir- 
camstances reLatedJo heaith, and. then 
sulfation with a family or union-^appointed physiciari, 
psychiatrist or rnember of the clergy. Jho right of an in- 
dividual Worker tb inspect his or her personal data file 
shall at ail tirn_e_s_be absblute arid Open. 

X. When New Technology is employed in the production 
bf military goods and sen/lces^_wo_rkers,_thro_ugh their 
trade unibn and bargaining agent, shall have a_riSh_t to 
bargain with manageriierit over the establistrment of 
Alternative Production Committees, which shall design 
ways to adopt that technojogy Lo socially-useful prddUc- 
tibri and products In the civilian sectorof the economy . 

SOURCE: International Association of Machinists and Aerospace Workers: 



One of the most cbritrdversial subjects 
labbr-rhfmagerrierit relations involving the in- 
troduetibh of new technology wiU be work 
rales. Work rules are central to the collec- 
tive bargaining system in the United States, 
and are viewed by some as one of its great 
strengths." This system of job control is also 
closely related to the tenets of Taylorism that 
break down work into sets of discrete tasks.^* 
In work sites that are becoming more and 
more automated, management is likely to de- 
mand increasing flexibility in deploying work- 
ers. As noted in chg)ter 4, successful irriple- 
irientatidn of PA may involve substantial 
changes in production processes and in the 
nature of work to be done by people as dp- 
pdsed to machines. These change? will raise, 
questions concerning job definitidii—abdut 
which tasks are combined to make which jobs. 
Work rules' assure^ that certain jdbs contain 
certain tasks, but PA may make such jobs pb- 
solete. Job definition changes may be reflected 
in coHective bargaining requests from manage- 
ment for relaxing and changing work rules, in 
return for union demands for worker benefits 
such as job security or profit-sharing, in tins 
respect, nonunion, shops may be able ta re- 
spond more quickly td the changing workplace 
demands of hew techndldgy. 

Any discussion bf restructuring work in au- 
tomated environments in waj-^s that would en- 
hance the wbrkplace ineeds td be framed in the 
context of how the work nileissue evol^^ 
Mahagement's ability td take innovative ap- 
pfoaehea tb implementing PA may be con- 
strained by work rules that are outmoded and 
difficult tb change. In return for increased flex- 
ibility in deploying workers, mmagement may 
need tb be mdfe responsive in such matters as 
increased labor involvement in decisions cbh- 
cernihg the implementation of new technblbgy 
br job security. 



"Robert M: Kaus, 'The trouble With Unions/* Harper's. 

June 1983, p. 29. _ ^ t ;4 ."^ i n - 

**Michael J^Piore. "Americari Labor arid the industrial uri- 
sis/' Challenge, March-April 1982. p. 9. 
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Eurepean and Japanese Expcjriences 



In Western Europe and Japan, mechanisms 
for jcieaKhg with workplace cbhcerris have geri^ 
eraHy been applied to the introduction of new 
technology, and in many cases the laws specify 
how such introductioh is to be handled. For 
example, the laws of West Gerrnany, Norway, 
and Sweden provide for worker involvement 
in techriolb^ issues, and labor is routinely rep- 
resented bh cdi^jbrate boards. It is important, 
however, to point out that the culture and tra- 
ditidhs of Europe and Japan regarding atti^ 
tildes arid practices in the workplace differ 
from the those of the United States, especial- 
ly in the area of labor-management relations. 
In general, the labor-rnanagement relations of 
these countries are characjierized by a more 
cooperative atmosphere and greater worker 
participation than has been the ease in the 
United States. 

Japan 

There seems to be a broad consensus among 
labdry management, scholars, and the govern- 
ment in Japan that new technologies should 
be applied in ways that will humanize life and 
the quality of work.^' For example, in 
a joint effort of government, industry; smd 
academia began to develop robots to perform 
jobs too hazardous or unhealthy for human be- 
ings (known as "extreme-job" robots). 

Much has been written about Japanese 
management style and its effect on the work 
environment. Iri particular, the nature of labor- 
management relations prqvides_many oppor- 
tunities for information exchange and sharing^ 
both between management and i&bojr/^A 
among workers themselves.^^ Such ini^mia- 
tion-sharing is key in Japanese companies, and 

"Kazutbshi Koshirq, **The Employment Effect of Microelec- 
tronic Technology HjghUghtsjri Japanese iMustrial Rela- 
ttons^/ThB Japanese Institute of Labor. 1983, p.. 87. _ _ _ 

"•'Gbv't-Industry Project WiH^taft On_*Extreme-iob* Ro- 
bots." The Japahese Ecohonuc Journal, Mar. 8^ L983. p. 10. 

_'*Hanio_SJunTada, "Japanese Ppstwai^Industrial Gro^ and 
Labor-Management Relations, ** paper presented at the 3 5t_h_ An- 
nual Meeting-of American Industrial Relations Association, 
December 1982. p. 7. 



provides the basis for quality circles at firm, 
plant, arid workshop levels. It is also effective 
in the introduction and use of new technologies 
such as PA. 

There are two principal ty^es of worker par- 
ticipatioh in Japan that exist primarily in the 
private sector: 1) direct shop floor participa- 
tidh, such as smiill group participative activi- 
ties like quality control circles; and 2j jndirect 
representational fonns, such as jabor-manage- 
ment consultation systenis.^^^SmaU production 
study groups have played a vitsd role in de- 
veloping employee participation in problem- 
solving. Unions and quality control circles 
have often been involved in designing robot 
applications within the plants. Those cbmpa- 
nies with the most active quality control cir- 
cles have also been the leaders iri the use of 
robots.'^* 

Participatory work structures represent one 
of a nuniber of actions designed to deal^w i ^ 
the effects of labor shortages m Japan.^^ TWiJp 
were usually introduced as part of a corporate 
strate^ to make firms more attractive to 
highly educated potential recruits and to 
reduce the Hkelihbod of turnover arid labor 
unrest. Thus, worker participation originally 
was riibre an bbligatibri of each erriployee than 
an bpporturiity tb actively participate iri solv- 
irig wbrkplace problerils. 

QuaHty control CTcles of ten provide a good 
opportunity to pfbmbte ''huriianizatibri of 
work" in the workplace.^^ Workers are taught 
fairly simple Btatistieal quaility coritrbl tech- 
niqueaandmbdes of problerii-sbl\drig. They are 
guided by leaders, bfteri foreriieri, in the selec- 



<°Robert E. Coie, " Participation and Control in Japanese In- 
dustry," prepared for Conference on Productivity, Ownership 
aiid Participation, A^hcy for In terhatibhal Develbpmeiit, U;S; 
Department of LabprLMay 1983. 

*'Paul Aron, ''Robotics in Japan: Pas t^ Presentj Future,'* 
a presentation to Robots VI Conference, March 1982, p. 4. 

**Cole, dp. cit. _ _ . _ _ - __ 

_ ^'Ta&esW Inag£uni, **QC Circle A ^^J^*^^ Sugg^Bstibn 

System,' \High}igbts. in Japanese Industrial Relations, The J ap- 
aneae institute of Labour, 1983, p. 67. 
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tidh and solving of job-related quality prob- 
lems. 

The second type of worker pfirticipati on is 
the labbr-rhariagerheht cbrisultatidn system^ a 
represeh^tatiohEl form of participation by 
uhioh officials oh behalf of eniployees in which 
employers and employees discuss manage- 
ment policies and plans/* The focus is on im- 
pr b vi hg commu ni catio ns between _nianage- 
meiit and labor, improving working condi- 
tions, and stabilizing labor relations; Joint con- 
sultation provides a framework in which ne- 
gotiations on working conditions can be con- 
ducted on a continuous Basis rather than as 
a focus of collective bargaming. Participants 
do not view them as providing the priinaiy ba- 
sis for increased worker participatibh in man- 
agement. 

While popular accounts of Japanese labor- 
" rnariagemeht relations highlight labor's input, 
dri cldser inspection it can be seen that ^^^^ 
agerial control is strong. Matters relating to ^ 
the operation of the finn, production, and per- 
sonnel are most often settled by company no- 
tification or explanation." Management re- 
tains its prerogative to act unilaterally buti 
where possible, uses the J^oint cbhsultatibii sys- 
tem to solicit worker and uhibh bpinibh. Man- 
agement carefully controls arid guides the ac- 
tivities of small group participatory activities, 
and would resist more direct threats to its pre- 
rogatives that might be tried thrdUgh legis- 
lative means. *^ Tlus system is facilitated by 
a relatively high level df hdmdgeneity in the 
Japanese pdpulatidh and labor forceD^ 

The Japanese system offers several advaii- 
tages relative to theihtrbductibh bf new tech- 
nolo^. Generally, where hew techriblbgy is in- 
troduced workers are reassigned rather than 
laid off. However, there Ju-e sighs that tWs 
Japanese practice, which in the past has been 
an uhderstahdihg and hot cdhtractual in na- 
ture, may be changing (see ch. 4). Recently 
there has beeh evidence that Japanese work- 
ers are becdmihg mdre concerned about the 
irhpact bf hew technology on employment. 

**CoIe, dp. cit. 
**Ibicl. 
-nbid. - 



Unions have begun to wih agreemehts mmed 
at protecting workers against the pdtehtial 
negative effects of autbrhatibh. 

For example, Nissan Motor 6b. and auto 
workers have negotiated what is Hkely to be- 
come a model technology agreement for other 
unions, it requires **ebhsultatibh" between 
labor and managerhent before the iritrCKijuctibh 
of labor-saving autbmatibh arid prohibits the 
cbmpany frbm dismissing or laying off work- 
ers because of new techriblb^^. Nissan prdm- 
ises ribt tb dbwrigrade pdsitidhs dr reduce 
wages arid wbrkihg cbhditibhs, and agrees to 
prbvide uriibh members with hecessary educa- 
tion and trairiirig to facilitate adjustment, in 
accbrdahce with their aptitude and ability. The 
fact that this is a written agreement rather 
than a tacit Uhderstanding makes tjiis con- 
tract impdrtaht and unique in Japan. 

WMe quality ebhtrol circles lure widely used 
in Japan, it is interesting tb hbte that the Jap- 
anese cbmpariies operating in the United 
States have beeh rhtich nidre cautidus about 
iris titutirig such mechanisms because of dif- 
ferehces in the wdrk ehvirdnmeht and a rnuch 
riibre heterdgehedus work force. Where such 
practices are instituted, they are usudly in- 
trdduced very gradually to allow time for 
workeris to adjust to theinformation-sharing 
and to learn the problem-solving techniques 
of quality circles. The ^issari truck plant in 
Smyrna, Term;, which opened in 1983, will be 
watched carefully as an expeririieht in Japa- 
nese management applied tb an Ariiericari 
work forte. Early repbrts give it high marks, 
but some observes suggest that it is tod ^arly 
to evaluate how well it will wbrk bver time. 

Norway and Sweden 

There are several Scandinavian att^^^ 
ehstire Wdrker involvement ^^^_^^e 'sat^ 
cohtrdUihg the effects of new technologies on 
the wdrkplace. 

Jn both Norway and Sweden, workplace jeg- 
islatibh is in effect and wbrkers are repre- ^ 
sehted oh corpdrate boards. 

In Norway, the uriibhs, erhplbyers, arid the 
state have tried to shape the actual directidh 
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of teehnblbgical change.'*^ The 1977 Working 
Envirbhiheht Act gave workers the rilght of 
advance notice of all proposed technological 
changes, access to corhpariy data banks, and 
participation in all decisibhs that affect the 
form arid cdriterit of their jbbs/^ 

Legislation has specified conditions to the 
extent of mandating efforts to avoid undiver- 
sified, repetitive work and work that is gov- 
erned by machihe or cbhveybr belt in such a 
manner that the emplbyees themselves are 
prevented frbm varying the speed bf the wbrk. 
Otherwise **efforts shall be made tb arrange 
the work so as tb pro vide possibilities for var- 
iation^arid for cbntact with others, for coririec- 
tibri between individual jbb assigrimerits, arid 
for eriiployees tb keep therilselves irifbrmed 
abdiit prbdiictiori requirements arid results."^® 

Technolo^ agreements hegotiated by labor 
and management also affect the ability bf 
workers to influence the direction of workplace 
techriblbgical chahge.*" They establish a vari- 
ety of rights for workers in the areas of infor- 
mation, traihihg, participatibri, arid bargaih- 
-ihg cbhcernihg technology-^ riiatters in . 

the workplace. Workers are gtiarariteed both 
jbb-related trairiirig arid gerieral ediicatidri 
about techriical systerils arid their design. 

in Sweden, two laws prbtecL^erhplbyees in 
relation io wbrkplaee changes. The first is the 
Act bh Employee Participation in D^cisibh- 
rhakirig (1977), which obliges the employer tb 
ihforrii arid negotiate with the uriibh before 
riiakirig decisibhs bri ariy rilajbr bperatidrial 
chariges, including irilplemeritatidri df new 
techridldgy.*^^ The secdrid law, the Swedish 



_ _*'LesJie Schneidert!!Techn_oIp^ Bar^ainmg in N^^ pre- 
pared for the Ministry of Local Government and Labor, Oslo, 
Norway, March 1983^ _ _ _ _ _ 

*''R6bert Howard, **Brave New Workplace,'* Workihg Papers 
for a New Society, yo\. 7, Ndveihber-Deceihber 1980, p. 28. 

/•Act of 4_Feb_ni_arxl9_77 rek^^ and 
Working Environment, as subsequently amende last by Act 
of 13 Jiine 1980, Directorate of Labour Inspection, Oslo, Nor- 
way, November 1980. 

^"Schneider, op. cit. 

*VKerstin Norrby and'Barbara Kjockare^Th 
cy for Adnrinistrative .Development,. "Decisioa-making, Assess- 
ment of Effect^^d Participatidii Regarding Computerization 
in the Swedish Gbverhmehtal Admihistratibh," a pai>er to the 
Conference oh System Design, IFIP Working Group, Septernber 
1982. 



Work Ehvirbriirieht Act of 1978, sets but gen- 
eral demands that cari be riiade with regard 
to wbrfcirig cbhditibris. It includes basic rules 
bri both the physical arid the psychdlbgical 
work eriviroririierit. Ari essential point is that 
emplbyees are tb have an opportunity to in- 
fluerice the design of the work environment. 
The focus is ori the wdrkiiig prettuses, eqiiip- 
merit, techniques, and working methods. Both 
laws are supplemented by cqUective agree- 
ments between employers and employees. 

In addition to work erivirbrim laws, iri- 
dicatibris are that the Swedish Govenurierit is 
cbrririiitted to research iri how charigirig tech- 
ribldgies affect workers.*^^ The pivotal research 
iristitutidri in the work enviromBerit field in 
Swederi is the research department of the 
National Board of dccupational Safety and 
Health. A large propdrtidri of tdtal funds al- 
located for wdrk erivirdmnerit reseso-ch in Sw 
den is awarded by The Swedish Work Envi- 
ronment Fund. FSunded in 1972 and finaiiced 
by means of a payroll tax levied on all employ- 
ers, the Fund^supports research aj^ develop- 
mait, training^ and iMoiroation to improve 
work environment in a broad sense, inclu^ding 
co-determination (requirement Jhat employers 
negotiate jvith unions on ctny plans for major 
changes in company activities), psychbsbcial 
work envirbhiheht prbblems, arid work brga- 
hizatibh." 

The Swedish Centre for Working fcife is an 
independent research institute supported by 
the Fund and the government. It focuses bh 
reseatf ch prbblems cbhcerhed with ihdividuELls 
ahd^bups in wbrKhg life, industrial relatibris, 
cb-d^terriairiatibn, the brgahizatibri bf wbrk, 
arid its mbde bf bperatibh. v 



A] recent summaiy of considerations ^d 
proposals jjut^forth by tjie Swedish Cominds- 
siqri on the Effects of Gomputerization on Em- 
ployment said Working Envjrbnmehti 
h^ed in April 1981, states: 



"Dennis Chamot^d Michael b. bymmel, *' Cooperation or 
jConfltct: Eufopean Experiences With Technological Change at. 
'the IWorkplace" a piiblication-of the DepartmeKt ^ Pfdfes- 
sibnal Emplbyees, AFLrCIO, Washington, D.erfl^Bl. 
. .*7Trograinme of 1981-82-1983-84/* 
Swedish Work Environment Fund, 1982. 
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it goies without saying that the Cdmmis- 
sibri holds the view that aU jxtJssibilities to inr 
fluehce how computer technology is used 
should be fuHy exploited/^ 

This includes thejiise of industrial robots to 
eliminate heavy, monotonous, restrained jobs 
and jobs that are hazardous to health. The 
Com^ssion also concluded that an increase 
in the use of computer techixblo^^in manufac- 
turing processes increases isolation at work. 
It endorsed new techhblo^ if its Use includes 
both an effort to create a better working en- 
vironment and cchdetermination exercised by 
employees. 

West Germany 

In We^st Germany^xesearch in the areas of 
humanization of work and co-determination 
are considered to ie closely related." The gov- 
ernment has funded work humanization proj- 
ects since 1974, including safety and health 
and work reorganization. Gennany's co-deter- 
mination law requires that workers be repre- 
sented by an elected works council that works 
with mahagerheht on productivity and other 
issues. However, the extent to which ordinffly 
employees have input to the works councils 
is questionable.'^ Gemian managers are legally 
obligated to negotiate all major decisions at 
the plant level with the work councils and sub- 
mit the outcome to the supervisory boards 
(equivalent to American Boards oi^ectbrs). 
According to a recent analysis, "Their [Ger- 
- man] conimitmejit to technology expertise, 
enduring customer relationships^ long-term 
results, and the achievement of consensus 
leads most successful Gerrhah companies to 
vy^ork closely with their employees in integrat- 
ing new technology with the capabilities of the 
work force."" / 

"Pfom a summao^ of consideratjons and propbsfias put for- 
ward by the Swedish eommission on theEffects of Computer- 
ization on Employrneht and Working Environment inltsreport 
' ^CpmauteHzatJbn in Ihdu^^ on Employment and 

Working E n vironment,!' April 1 98 1 . 

"Chamot and DymmeL op^ cit, 

'-•^Mdvirig Beyond the Assembly Lines. Business Week, July 
27, 1981, p. 87. „ „ • 

''Joseph A. Limprecht arid Robert H: Hayes, Gemiany s 
World-eias's_ Manufacturers,*^ Harvard Buaineaa KBVienr. 
November-December 1982, p. 142. 



/During the I960's, the sbdal iiiipUcatidns 
of increasing automation and rationalization 
nieasxires fueled the debate over tISTeform of 
working conditions. In addition to the preven-. 
iion of accidents and occupational diseases, 
the Siprovement of working^onditions began 
to include, for example, ergpriomic workplace 
and machine design, as well as riew forms of 
ofganizatibh of work permiitting greater^indi- 
vidual responsibility and more opportunities" 
for acquiring qualifications. 

These activities gave rise to the Humaniza- 
tion of Working Life Program in 1974 in the 
Federal Ministry of Research and Technology 
and the Federal Ministry for Labor and Social 
Affairs/rhe general objective of this research 
program is to investigate the possibilities for 
better adapting wbrkiiig conditions to hiiman 
needs. J± combines the goal of estabUshdng im- 
proved he£dth protection on the job with that, 
of achieving better opportunities for em^ 
ees to gain qualifications and develop then: 
abilities. The program includes projects to 
redesign workplaces where monotony is often 
combined with time pressure, social isolation, 
and a low skill requirement. 

The pTQgrmn, which is supported at least in 
piincipleJ>y all the parties f epresented in the 
German Bundestag and by both employer or- 
ganizatibhs and trade unions, has as its aims: 

• to formulate safety data, standards, and 
TTihijmnm f equirernents for^machinery , in- 
stallations, and workplaces; 

• to develop work technologies adapted to 
the worker; __ _ 

• to aabbrite models for work organization 
and workplace design; and 

• to disseminate and apply scientific find- 
ings and industrial experience. 

The humanizatioh program has led to in- 
creased sensitivity to problems ^ regarding 
working conditions and work rationalization 
in industry and administration, and to an in- 
terdiscipl&ary science in the field of labor. It 
has given rise to proj^ts to improve health 
protection oh the job, in particular projects 
looking at stress problems and the develop- 
ment of technologies for the reduction of 
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hieavy,^angerous, or monotonous work. The 
program also fosters experiments with new 
forms of worfc organization, aimed at new tech- 
hical and orgaxnzational production systems. 

The results of humanizatidn research have 
already been incorpurated into national legisla- 
tion in several cases— e.g., into the 1975 Work- 
places Regulation Act and the guidelines gov- 
erning it. Since niid-1980, the Federal Cejiter 
for the Humanizatiqn of Work has been aff^^^^ 
iated witji the Federal Center for Occupational 
Safety and Accident Research as independ^ 
ent organizational unit. It is responsible for 
incorporating the results of government-pro- 
moted research concerning the hurhanization 
of work into everyday working conditions. 



Dne of the workplace areas to be studied is 
the introduction of robots, with a view tc 
avoiding the creation of j^obs that are uhinter 
estihg and monotonous for humans and that 
may entail considerable strain and stress. Cori' 
tihued support is to be given to improved 
forms of work brganizatibn as well as to solu* 
tibh of technical and brganizatibhal prbbleriis 
in geheral.^^ 



"Alfred Hassehcarhp and Haris-Jurgeh Bieneck^ "TechnicaJ 
and OrganizaUoniEd Chan ^^LP^sign of Working Condi- 
tions," a summary of the experiences and results of the West 
German research program "Hamanization of Work," 1982. 



Appendix 5A.— Methodology Eiiiploycjd in OTA 
Case Studies of the Effects of Programmahle Automation 

on the Work Environment 



Case 1 

Small Metal working Shops 

This case study is based bh visits to seven rrietal- 
workingjshops in Connecticut. They were chosen 
from a group of sites suggested by the Numerical 
Control Society, a trade magazine, and two inter- 
viewees at the job shops thei^^^ Ti^®y_splan 
a range of shop sizes. Shops were not chosen for 
study because of their "representativeness"; in-; 
deed, the chief selection criterion was that the 
estabUshment_be particul advanced, for its 
size, in the number of NG machines in use. Every 
shop contacted agreed to participate in the study. 
The final group of 7 was drawn from a pool of 11 
shops that agreed to participate. 

Visits lasted from a half day to a full day. At 
each site, the researchers begM by speaking to the 
president or vjce president, generally for an hour 
or more. Subsequent interviews were held ^ith 
pirbgramers, foremen, working foremen, arid shbp- 
fldof workers. For the most part, the people inter- 
viewed were selected by a manager or foreman 
based on the research team's preferences for talk- 



ing to a cross section of the shop's work force. In 
cases where the researchers asked to speak to a 
specific person, these requests were honored. At 
sbri:ie shops, the interviewers wer^^^ to select 

any^of the employees -for interviews. 

interviews were open-ended, based on a pre- 
pared interview guide. Generally, they lasted frbrii 
one-half to 1 hour, with the longest running over 
2 hours. Nearly ail of the interviews were tape- 
recorded, with the cbhserit of the interviewees, arid 
riibst bf the quota tibris_U^ed m 
on transcripts of the taped interviews, interviews 
were held in an office or room in the plant, in some 
cases, they were conducted in the presiderit's or 
vjce president's office. With very few exceptions, 
the interviewers were alone with the interviewee. 
All interviews except brie focused bri brie persbri 
only; at'bne jplant. the president and vice president 
were interviewed together. 

Altogether, four presidents, four vice presidents, 
five prograriiers. five foreriieri arid working leaders, 
brie quality cbritrbj supervisor, one fuU-tta 
chine repairer, and fifteen machinists and oper- 
ators were interviewed. 
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Agricultural Equipment Gbmpaiiy 

This case study is based on data gathered dur- 
ing a 6-day trip to the city in which the cdmpo- 
nents plant and the he£u-by tractor assenibly faca^^^ 
ty are located. Three days were spent touring the 
company^s manufacturing facilities and conduct- 
ing interviews with members of inaJiagement^The 
balance of the visit was spent interviewing mem- 
bers of the local union. 

The company was extremely cddperatiye, pro- 
viding the research team with an excellent ^ 
view of plant operations and affording them free- 
dom to explore, areas of particular interest in 
greater depth. The first 2 days were spent gain- 
ing a broad introduction to the componeats plant 
and the tractor assembly facility, and the third day 
was spent in followup investigation and in te^^^ 
views, particularly at the site of the flexible 
manufacturing system (FMS). interviews were 
conducted with company personnel ranging from 
the vice president for manufacturing to first-lii^^ 
supervisors in the tractor assembly plant. Also in- 
terviewed were the plant manager; the managers 
of manufacturing engineering, mechanical s^^^^ 
ices, and process arid tbdUrig; several supervisory 
personnel; and the project manager and systems 
manager for the FMS— all at the cbiripbrierits 
plant. Interviews were also cbriductedjwith the 
-plarit-mariager, manager of manufacturing engi- 
neering, and the controller at the tractor assembly 
plant. _ 

Interviews were bpen-ended, based on a pre- 
pared iri^rview guide but tailored to the individual 
being interviewed, and lasted from 15 minutes to 
several hours. Tours arid interview^ were supple- 
mented by seyeraJ brief presentations by company 
personnel focusing on different aspects of autoina- 
tion at the company, by wntteh riiaterials sup 
by the cbmpariy , arid by relevant articles and infor- 
mation obtained by the researchers from other 
sources. 

The worker interviews bri which this study is 
based were arranged by the union, the United 
Automobile Workers, and carried out in the Ibcal 
union hall. The local unibn was very cooperatiye 
abbut arrariging iritei^iews and providing the 
space in which to conduct them^ A semistructured 
open format^ similar to that used at the cpmpany 
but designed specif icfidly for in 
was used to interview people both individually and 
in groups. The union was asked tb arrarige inter- 
views with workers frbm the FMS area and from 
thbse utilizing the company's labor reporting/sys- 
tem. Also requested were interviews with workers 



from the components plant and the. tractor wbrkSi 
in skilled trades as well as prbductibn, bf varying 
ages and senibrity. A total of 18 workers were in- 
terviewed through the union, in this situation 
selection bias was unavoidable, but the workers 
interviewed appeEired tb represent a ran^e of viev^ 
points with respect to computerized technob^. 

Even the workersj^hq were most critical of the 
way in which the company was implemehtihg new 
programmable techhblbgies expressed a basic re- 
spect fbr the cbrripariy and its management. 

Commercial Aircraft Gdmpany 

The fieldwork for this case was conducted dur- 
in^an 8-day visit to the west cbast in April 1983. 
Before the arriyfiQ of the reseju-ch teai^^ *^9^t^ct 
was made with the company and with the two ma- 
jor unions at thejreseflrch sites, the Iriternatiohal 
Association bf Machinists arid a professional en- 
gineers' association. Both the company and the 
unions were very cooperative, allowing access and 
arranging interviews which form the basis bf the 
arialysis. , ^ 

At the ctsmpany, a series of interviews had al- 
ready ieen schedxiled when the researchers ar- 
rived. Interviewees were selected by t^ 
msoiagement based, on the researchers' request for 
interviews with a wide range of managerial person- 
nel, from higher level management iriYblved in t^ 
iriiplemeritatibn and management of computerized 
technology to first-line supervisors in production' 
departments, where prbgTanuriable| autbmatibri 
was in use. These interviews we^^ 
with additional interviews arranged at the^equest 
of the research team during the 5-day visit tb the 
company. AH interviews with members of man^ 
ment were cbrijiucted at or near the worksite of the 
particular manager or supervisor, with a member 
of management, who acted as hbst tb the-research 
team, present at the interview. 

Interviews were jDpen-ended^ and. then* structure 
was based on an interview guide prepared befbre 
the start of the yisit. The actufid con tent oj^^ 
was tailored to the particular individual beingJn- 
terviewed, baaed on his role in the company. The 
length varied from one half hbur tb severfid hbuj^g 
in length. In sbme cases, a tape recorder was used, 
and ^ lengthy quotations arfi transcribed from 
the tapes. A few of the interviews were preceded 
or fbllbwed by prepared presentatwns win out- 
lined the featuresof a particular computerized sys- 
tem or technology-related issue at the cbmpariy. 
Followup interviews, where necessary, were con- 
ducted by telephone, and additional written ma- 
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terial was obtained from the company. Company 
sources were also supplemented with written ma- 
terial available, elsewhere. 

Interviews witlTUnion members were conducted 
through the auspices of the two unions, inter- 
viewees were chosen by the unions, based on gen- 
eral guidelines set by the research team. The 
researchers asked to interview members of the 
bargjgdning unit who were affected by new technol- 
ogy. particularly eri^e^^ hy the use of 

computer-aided desigri, and machinists and other 
workers {e.g., inspectors, programers, and layout 
^^^^^^'sL^^^ected by computerized technology, 
especially NC. Because of the w.ay in which ihtei*- 
viewees were selected, the workers interviewed 
/^^^^^^ Ke viewed as being a randomly selected 
sample of all workers at the company . While some 
attempt was made to ensure that a range of views 
was represented, the intentibh of the researchers 
5§Ptyre a sense of the variety of reactions 
to programmable automation Jn a few selected 
work areas, rather than to attempt m a very brief 
visit to assemble a ^'representative'* group. 

Interviews with union members were conducted 
^^ ^^J^^^'Ltjie union h were, like the inter- 

views with managers, open-ended, Agaln^ an inter- 
view guide was used, and the specific questions 
?^I^Rte<i_tp the particular employees interviewed. 
Most interviews were group interviews, arid all 
were tape-recorded. iSBnerStty, intervl^s with 

-uriibri members lasted from 1 to 2 hours, depend- 
ing on the size of the group. 
In total,, interviews were conducted with 14 

. riierribers of management, 4 first-line supervisors, 
^ .^J^S'^Aejs a^^ 38 shop floor 

employees, as -weii as with officers of both local 
unions, including the presidents. 

The Auto Company 

_ The 3-day visit to the auto plant took place in 
?^_^y _1983, arid included an in trbductbry discus- 
sion and tour of the plant conducted by the Per- 
sonnel Depariment and a brief interview with the 
plant's irianufacturihg engineering manager oh the 
third day. The research team Merit the remainder 
of the 3 days interviewing workers, shop floor 
managers, unibh stewards, and uhibn commit tee- 
men who work in the ailtbriiated welding facility— 
the **body shop." 

Thrbughbut the visit, both management and the 
uriiori cbbperated cbriipletely with the research 
team. The plant management permitted lirire- 



s^^^^^ccess to the body shop. The superihtehd- 
ents in the body^shop, in turn, allowed Unrestricted 
access to supervisors and workers. This access in- 
cluded the freedbrii tb iribve independently around 
the shop floor and to speak with workers bh break 
at their Workstations. Gnly through this Unigue 
cbbperatibri was the research team able to gain, 
^'^^J^^^^^^t^e pe^ detailed knowledge of how 
automation affected individual jobs and how the 
wbrkers bn these jobs perceived the affects of the 
system. 

^ During the 3 days, the research tearii inter- 
viewed: 

• the welder repair and prbduction super- 
intendentj 

• two welder repair general foremen arid brie 
welder repair foreman; _ 

• one^roductibri prieral fbreman ^ . 
duction foreman; 

« three welder repairmen; _ 

• 19 prbductibri wbrkers \b first-shift workers ^ 
''^^r^^terviewed for more thari ari hbur at the 
union hall and an additional 15 to 45 minutes 
bri the jbb; the remainder were interviewed 
either jn the unibri hall or iri the plant); 

• the production and skilled trades' umpn stew- 
ards bh first shift, and the production and 
?H^|ed trades cbriirriitteeirie^^ and 

• a number of other inMagers, tmibri bfficials, 
and workers with knowledge of some aspects 

_bf Jutbriiatlbri arid the bbdy shop^_ 
The group above represented about 30 percent 
of the production workers, 15 percent of the skilled 
tradesriieri, 70 percent bf the supervisors, andati 
of the union officials with first-shift respbhsibil- 
ities in the part of the body shop containing 
rbbbts. __ • 

^^teryiews^ bfficials, and 
workers were open-ended and loosely structured, 
based bri a prepared interview guide. The inter- 
views at the uriiori hall were taped, with the con- 
sent of the in ter^ewees^ The quota tibris used iri 
the report are from the taped interviews or from 
PPtes t akeri during the riiee tings by someone other 
than the principal Jnteryiewer. The research tearii 
conducted foUowup interviews of 15 to 45-1x111111^3 
with certairi individuals on the second and third 
^^yv^^^tional fbUb^^ interviews were con- 
ducted with union officials and body shoj) super- 
visbrs bver the telephone. An interview of the cor- 
PP**?tion's dire^^^^ ri:iariufacturirig was alsb^n- 
ducted over the telephone. ' ' 
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C&apter 6 



Education^ Tfaifling, and Retraining Issues 



Summary of Major Findings 



Prograniniable automation (PAMs one of a 
number of forces currently reshaping the roles 
for and values assi^ed to education, training, 
retraining^ and related services such as career 
guidance and job counseling. 

Slrohg basic skills in math, science, and 
reading serve as the fdUndatidn for instruction 
for programmable automation. Instruction for 
semiskSled and skilled production Itae workers 
in aiitdmated facilities must emphasize con- 
ceptual and problem-solving sfiUs as much as 
motor skills. Instruction for technician-^^^^ 
occupations common to automated facilities 
must focus on the develOTment of niuh^ 
skills (broader training) and on an^understand- 
ing of how pro^ammable^ equipment inter- 
faces with other components of the miiufac- 
turing proces^. Instnaction for engineers who 
work in automated plants must emphasize a 
broader^based Imowledge of engineering opera- 
tions and stronger management sldlls*--.- 

A key irigfedierit in success^il PA instruc- 
tional programs is close ctjoperation/between 
industry, educators, labor, and government in 
such areas as skills assessnaerit^ curricutam de- 
sign, equipment acquisition, location of qual- 
ified instructors^ mid job placement. However, 
in most cases, this degree of ihtersectbr coop- 
eration is left to chance and often does hot 
occur. 



The present capacities of the U.S. instruc- 
tional system, characterized by inadequate fa- 
cilities, shortages of equipment, and an inade- 
quate supply of instructors, may cdhstrain the 
establishment of adequate skills-development 
strategies for programmable automation. This 
is as true for most indUstry-based instruction- 
al programs as it is for programs offered by 
more traditidrial public and private education- 
al institutidhs. There are no indications that 
these barriers to instruction will disappear 
dver time, without specific, corrective actions. 

Population groups served by different tj^s 
of ihstructibhal prdgrams, as well as the rixlpi- 
bers of individuals taking advantage df in- 
structional ser\aces, fiu-e ch£^^ However, 
individuals who are mdst likely td be affected 
by technological and ecdridmic change—those 
with lower iricdmes and Idwer levels df educa- 
tiorial attainment— seem to be the least in- 
clined td enroll in instructional programs in 
drder td develop new, more marketable skills. 

Special approaches will be required td ensure 
thatretrmhing prbgrfi^ and job cdiiriselirig/ 
outplacement assistance gear^ td the tinique 
heeds of displaced wdrkers are develcqfied and 
implement^. In the past, retrainirig for dis- 
placed workers has often been a ''force fit," 
and participation rates have been low. 



Ititrodnetion 



The use of programmable^ automation in 
manufacturing is one of a number of forces re- 
shaping education^, training, j-etr^ain^^ and 
educational guidaace/job-counseling services 
in the United States. ^mong the other forces 
creating increased demand for ihstriietibh are; 
1 j technological change bccurrihg in office and 



service sector ehvirbnmehts^ 2) brdad-based 
economic change induced by U.S. participation 
in ihterhatibhal markets and shifts in demand 
for gcK^s and services, 3) demographic change, 
and 4) increased interest in education and 
training for personal and professional^devel- 
dpmeht. These forces may, in the long run, fa- 
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ciKtate or impede the establishment of well- 
founded ihstnictioh for programmable auto- 
mation, depending on the aggregate demand 
they generate for skills development and the 
instructional resources required to address 
this demand. 

Accordingly, the goals of this chapter are 
threefqldjjo describe how the roles for iirid val- 
ues assigned to instruetibh are changing as a 
result of economie, technological, and demo- 
graphic change and the heightened sense of 
the "unknown" created by this change; to ex- 
amine specific instructional responses to skills 
requirements for programmable automation 
at this early stage of adoption of the technol- 
bgies; and to discuss how present capacities 



of the U.S. instnictiohal sy stern may affect 
skills development strategies for prbgraitiiria- 
ble automation in the long term. 



A wide variety of sources, inj:luding educa- 
tion aiid training literature, personal inter- 
views, and site visits to manufactturagfaci^^^ 
ties and instructional centers, wer^e used in de- 
veloping this account o^ a enraging national 
instructional system and in depicting how pro- 
gramniable automation is being addressed by 
that^ system. Fourteen In-depth ease studies 
created for GTA describe selected, curr^ixtly 
available education, training, and retrainihg 
geared to PA. They served as a particularly 
rich source of infbrrhatibn in the developrnent 
of this section of the report. 



The Ghanging Gontext for Eduealion, 
Trsdning, and Retraining 



In 1983, a number of studies were released 
which reflected growing national awareness Df 
the importance of educatibh, training, and re- 
training to international economic competi- 
tiveness, as well a^ concern over the current 
state of elemental^, secondary, and postsec- 
Qridary instruction in the United States. 
Among the studies that have received the 
most attention are those ofthe National Com- 
mission on Excellence in Education (A Nation 
at Risk: the Imperative for Educatiohal Re- 
form);^ the Education Sommissibn of the 
States (Actionfor ExceHeDce: A Uomprehen' 
BiyePimi to ImprbveJQur Nation 's ScHodlsji^ 
the Business^HigherEducatibn Foriun (Amer- 
ica's Competitive Challehge: The JVmi far a 
National Response)\^ tYve Twentieth Cerittiry 
Fund Task Force oh Federal Elementaiy and 
S(Bcbhdary Educatibh Policy {Making the 
Grad e);^ and the Carnegie Foundation for the 

'Natibhal Commission on Excellence inJEdacation, A Nation 

Risk: The Imperative for Educatlonsd Reform (Washington; 
D.C.: U.S. Government PHnting^Office, April 1983). 

'Education Commission of the SUites^ActJoal/pr^^ 
A Compi^hmsive Pirn to Improve Our Nation's Schools 
iDehver, Cblb.: Educatibh Cbtomiislsion of the States, Jane 1983). 

'Business-Higher Education Fohiih, Amedca's CdmpiBtitjve 
Chj^enge: The N&^ Jorja Nadohal Response (Washihgtoh, 
D,eu Business-Higher Education Fpmm._April 1983)^ 

^Making the Grade: Report of the Twentieth Century Fund 



Advancement of Teaching (H?^ In 
addition to emphasizing the oBstaclea repre- 
sented by shortages of eqmpment aihd qusdir 
fied instructors—particularly in science and 
math— these reports point to the Ibw atudeht 
partidpatibh rates in scieii^ and math beyond 
the ietfi grade, the high levels bf functional 
iffiteracy within the general population, and 
the impHcatibhs these cbhditiohs have for cqp- 
tinued U.S. ecbhomic growth and participation 
in a'wbrld economy that is increasingly tech- 
ablogy-driveri. The reports of the National 
Cbinmissidh oh Excellence in Education^ the 
Education Commission of the States, and the 
Business-Higher Education Forum aU recqm- 
mehd a reassessment of the U.S. educa^^ 
system and cmricula in light of c&fimging 
world concUtions, inclu growing use 

of advanced technologies in the wbrkplace. 

Given current levels c^f concern over the U.S. 
competitive position and the links between 
contihu^ development of the himian resource 
and sustained economic growth, it is difficult 



Task Foi^e onTedersd Elementary and Secondary Education 
Fo/Tcy JNew York: Twentieth Century Fund, Inc:, 1983). 

•Ernest L. Boy er, High School (Prinoetonr N. J.: The Carnegie 
Foundation for the Advancement of Teaching, 1983). 
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to understand why the relationship between 
education and training and economic expS- 
sibh has recently become a focus of national 
attention— especially since the effects of edu- 
catibh on the labor force. have been the :sub- 
ject of economic analysis for many yeeirs. Part 
of the answer may lie in tr aditionfd economic 
measures used to quantify returns on educa- 
tional investment. These measures ex£iimhe 
the relationship between different levels of 
educational attainment arid lifetime wages, 
without taking into account all other influ- 
ences on lifetime wages: 

In the interest of precision, economic anal- 
ysis has harrowed human cbhtributibri tb its 
most measurable^spects such as wages and 
hours worked. So long as wages and other 
measurable evidence bf human participatibri 
^^i the economy were bn^ rise, everything 
was fine: Interested parties, especially edu- 
cators, were satisfied to know that rates of 
return tb hurnan investment were high and 
increasing as the econpmy boomed and 
wages and leisure increased. With economic 
decline and unprecedented dembgraphic 
change^hqweyer, wage returns humM in- 
vestment have headed downward. Those who 
sw£dlbwed the simplistic **human capitjal" 
asstJmptibri that wage returns capture the 
overall economic return to human resource 
develdpment in good times are, unfortunate- 
ly, hbbked when the ecbhbihy turns sbur and 
wages decline. What we need is a more^sq- 
phisticated means for measuring human 
quality and its impact bh the ecbribniy. 
Unless we^can find such a method 
continue to' miss the woods for the trees in 
assessing the relative irnpbrtahce bf human 
factors in prbductibri.® 

Regardless of how the human resource has 
been viewed as a factor in productidri, or how 
well its effects on the economj^ have been 
measured, industry, labor, and government 
leaders all recognize tha*^. a highly developed 
human resource pool is critical to maintaining 
U:S. jjompetitiveness^ Individuals wiU the^ 
fore place pressure ^n the U.S^ instructional 
system for programs that develop human 



•A. Carhevale, Humah Capita]: A High Yield Corpdrate In- 
vestment (Washington^ DJC.: American Society for Training 
and Development, 1983), pp 13-14. 



skiUs essential to continued work force partic- 
ipation. 

The automated rnanufacturirig ehviroiimeht 
represents but biie of a riumber of work set- 
tings out bf which new skiU requirernents will 
emerge in the years ahead. Therefore^ it is im- 
portant not to overemphasize PA-related skilis 
to the neglect of other tj^jes of general and oc- 
cupation-specific skills. The development of 
strong basic skills in math, science, and com- 
mumcatiqn remains an important ^ucational 
priority for the work force as a whole. * Given 
the increased use^ of congjuters in many as-; 
pects of American life, the demand for com- 
puter literacy programs is on the rise. In ad- 
dition^ there is a need to better prepare indi- 
viduals for greater exposure to new tecfinolo- 
gies in their day-to-day lives, whether of Sot 
they choose tb be wbrk force participants. This 
involves the deyelbpmeht of a basic under- 
stahdmg of sdehtific prin and processes, 
as well as of the relatibhships that exist within 
the physical world.^ A recent report of the 
National Science Foundation's Public Under- 
standing of Science Program made reference 
to: ■ 

... the increasing gap between the relativbly 
smaU teclmblbgical elite and the far larger 
public that is both poorly equipped to unde^^ 
stand new developments, and is effectivjely 
precluded frbm significant careers related tb 
scjence, engmeenng and high jteclmblbgy . 
Thus, tomaintain a vigorous and widely rep- 
resentative pbbl of pbtehtifiil talent for the 
tectoblbgical p base bf 

awareness and imderstanding among deci- 
sion makers of industry^ ^vernment, and the 
press; to encbUrage the interest and f amiliari^ 
ty that are needed to recognize and address 
the personal and public decisions related to 
tecteblbgy; and tb nieet the Jeffersbnian 
ideal of anJnfoTmedelecto • interest 
and background of experience with the prin- 
ciples and activities of science is critical.^ 



* Q.'^.^^r. P."P •^y.ss .^clude increaa^ emphasis^ on foreign lair 
gyag^_te_mjdem^entaix renewed emphasis 

on humanities, particularly in interdisciplinary programs, such 
asL_':*technolog)Land society.** - ' ^ 

^E. Leonard Brown, ''Educational Change: Educating for a 
Transitional Era, '^ F^tuncs, vol. 3, 1 983^ pp._l 1-14^ _ 

..^SummaTy^pfGrants^ ActJvitiea: Piiblic Understanding 
of Science Ptogram {Washington, b.C.: National Science Foun- 
dation, March 1982), p. 4. 
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OTA's analysis of employment eff^ 
programmable automation mdicatea that cbin- 
puter-based manufacturing technologies will 
.bring about substjmtial changes in manufac- 
turing skill reqmremOTts ov^ time. However, 
several variables complicate the process of 
quantifying long-term^ employment impacts. 
The most important of these variables are: 1) 
the rate at which progirammable automation 
is adopted; 2) the flexibility afforded by PA 
to combine people and equipmeht in produc- 
_tion in different ways; and 3) chan^g eco- 
• nomic conditions affecting product demand, 
frequency of ihhbvatibn^ intensity of conipeti- 
tion and, in turn, labor deinand within auto- 
mated manufacturing environments.* 

Even at presentlow levSs of utilizatimi,^ pro- 
grammable automatibh is ereatiiig new de- 
mands for education, training; and retraining 
services^ Inthe future^ with more wideSpread 
use1^ advanced manufacturing technologies, 
there wiH be considerable-demands made on 
the U.S. instructional system for manufactur- 
ing-related skills devaopment and for rapid 
responses to what may be frequent changes 
in skiH requirenients. For example^ in a recent 
survey of members of the Amsricm Society 
fi^r Training and P 

Skills TTraining Division^ 93 percent of the re- 
spondents indicated that^b^ed on technolog- 
ical chang'^^ "Tvithin th^ compffldies: 1) workers 
in their i^ms wmild require "si^ficaiit 
changes in sldlls'*on an ongoing basis^ and 2) 
skill changes would typicffly be^eqiiired with- 
in a relatively short time frame-^pbssibly less 
than 1 year.® Programmable automation will 
also stimulate renew^ demands^or the devel- 
ppmrat of strong, basic sKlls in reading, math^ 
and science that serve as the foundation for 
PA-related instruction. While some things m^e 
known about the effects of PA on skills re- 



♦Fdf-B more detailed disaijsajbn of impacts bh employment 
and effects on wofMne enviroiunent, sro chs. 4 m^^^ 

•Suryej^ of rec/micrfaiJdSfeiZfe TrssniagDiyisiOD, Amencan 
Sodety for Training arid Development. 1983. 
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changes in skill requirements brought on by 
possibie increased use of PA 
Instruction designed to accqmpUsh these en^^ 
involves the development of: 1) strong basic 
skiUs in reading, math, and science; 2) analytic 
and problem-solving skiHs, which enhance an 
individudi's ability to operate effectively in 
new or modified work envirbhmehts; 3) a broad 
occupational skills base which in turn broad- 
ens individual career choices and serves as a 
fbuhdatibh for ±he_devel6pmeht of additional 
skills; 4\ specific PA-related skills; and 5j a 
recbgnitibh of the heed for lifelong instructibh 
to facilitate cbhtihued paiiicipatioh in and ad- 
vancement within the work force. This new, 
future^briehted apprdach> to education and 
tradning allows skill levels to sidyance at a rate 
more in keeping with the rate bf techndldgical 
change and stresses the need for flexibility to 
handle frequent job changes within the same 
sector or from one sector to another. However, 
its central focus is on more extensive develop- 
tnent of individual potential. It ca^ 
serve or enhance mobility^ reducing the chance 
that workers are lc>cked into^ or out of, certain 
types of wqrk_as technologies and the ecbnbmy 
undergo change. 

This approach to instruction represents a 
blending of guiding principles from two tradi- 
tional but disparate schools of thought on the 
ultimate goal of insttxictioiK /^education for- 
work" (foc'.is: occupational preparation) and 
"education for Ufe" (focus: education^or in- 
ddyidual development), it also softena the 
shsa-p distinctions educators and others have 
drawn over the years betw^h ybcatibhal/tech- 
xncdl education and pf bf essibhal edueatibh, for 
it stresses the impbftahee bf_ analytic and 
pfoblem-sblvihg skills and bf brbad-based 
occupational preparatibh in bbth kinds of 
ihstructibhal experiences.* 



♦The shiirp, post- World War 11 increase in the amoants of 
corporate, ih-hbuse technical and skiUsJraining actm has 
had an infjuenj:^ pn^U^^^ ^op^ of some '^^^ 

tional instruction, instructor and equipment cost^^^ 
with technical and skiHs training for employees, as well as nar- 
rowly defined production liiie jobs, have led to the development 
of jn^house training that is often very han-bwly fociis^ arid 
designed, to develop^ only J^pse skills required for discrete 
clusters of skills. While this approach. to 8kiUs:instruc_U^ 
worked well for industry in many instances, it has influenced 
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Roles for InstructiDn in 
a Changing Society 

The cbmbined effects bf techhblbgical and 
ecbhbmiclchange are hbw observable in many 
areas bf U.S. society. But technological and 
ecbhbmlc change are alsb having pronounced 
effects oh the expectations individuals and 
employers have for instruction as a tool for 
personal and professional growth. These ex- 
pectations take the fbtm of increased demands 
for specific kinds of instructional programs 
and services. Accelerated growth ' in new 

'"Course offeringis, heightened interest among 
educators and trainers in jnimoilum develop- 
ment, £md new sMil reqvuren^ skfil 
short^ages eixpressed by indust^ are aU^ evi- 
dence of these increased_demands. Some bf 
the jiew instructional demands emerge frbm 
changmg skiHs reqtdremehts in particular 
wor^ig ehvirbnmehts. Othear ihstructibhal dS 
mahds reflect the impact that techhblbgical 
and eebhbroie chaiige is ha\dhg bh 5bciety as ^ 
a whble, and as such cahnbt be attributed sim- 
ply tb factors present within the workplace. 
Regardless bf the drcumstances that result in 
hew edueatibh, trainmg^ and retraiiiing re 
qiiiremehts, the institutions, drganizatidns, 
and agencies that make up the instructional 
delivery system in the United States are call^ 
on to develop programs suid services that are ^ 

Tei^^hsive to both individual md erajdoyer d^ 
mands and to supply these programs ^nd serv- 
ices on an as-needed basis^iye^ current and 
anticipated^ates of ecbnom technblbgi- 
cal change^^plus the resources presently avail- 
able to instructibnal prbviders for use in ad- 
dressing demand, mdividual and emjplbyer ex- 
pect atibhs bf theJhstructibhal system are hbt - 
realistic and the fuH set bf demahds cannot be 
met. Ah abstract discussibh bf representative 
individual and emplbyer expect atibhs for in- 
structibh^ as well as bf conditions currently 



vbcf\tiohal education as a whole by leading to a de€mpfaasis on 
analytic and prbblem-solvirig skills development and a move- 
ment toward hiriily specjallzed ins Fpr a dis<nissibh 
of how high technology is affecting both the process^ content 
of, and planning Jtfate^ for vocational and technical educa- 
tion, s€« Waiteh H. Grbff, **Impacts43f the High Technologies 
on Vocational and Technical Education,** ANNALS, AAPSS, , 
No. 470, November 1983. pp. 81-94. 
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faced by instructional providers, wiH establish 
theities that will be examined in greater detail 
later in this chapter. 



Individual Expectations 

0TA found that individuals are concerned 
about how economic and:technor()gical chmge 
wiH af fact them directly— about the_potentia 
for more frequent j db or carepr changes over 
a lifetime, and about the changes in skills re- 
quirements that seem likely to occur ^thin 
and across estabUshed occupatiohs.* Given 
the recent, extensive media coverage of fac- 
tory arid office automation^ individuals now 
in the work force and those preparing to^enter 
it are particularly sensitive to the potential fqr 
techiioldgically induced skills changes. An 
operator of a flexible manufacturing ?ysterii, 
interviewed in the course of ah ohsite investi- 
gation of working conditions in an automated 
plant of an a^culturalirhplemehts mfmufa 
turer, put it this way: **If you're looking at 15 
years or so before retirement, you'll be sweep- 
ing floors." 

Regardless of their age or economie status, 
individuals who make theconnectioh between 
ccritiriued skills aihancement and cbntinued 
employment want access to instruction that 
makes the most of their previous traiiiiiig. 
their core skills, md that corrects basic skills 
deficiencies that may be interfering with the 
development of additional skills arid proficien- 
cies. These individuals—yburig people prepar- 
ing for careers, or adults riqw eftlployed or re- 
cently displaced— also rieed access to reliable 
information bh skills arid occupations^ in de- 
mand, plus assistarice in determining what 
types of instruction will adequately prepare 
them tb cbmpete foi* available j obs and ma^ 
tain emplbyriierit. They also seem less willing 
than in the past to assume that edudatbrs, 
trairiers, arid career counselors know what is 
best for them. 



♦this diw:rusiion of ihdiNadual expectetions is based on analy 
sia of education and training literature, humerbus discus^o^ 
with employees in the course of site yisits to indu^^ 
ities, and conversations with students enrolled in a variety of 
education and training programs: 



Employer Expectations 

OTA found that raariy ernplbyers, aware 
that economie arid techrioldgical change will 
affect their operations arid their competitiye 
position, are placing increased emphasis on ef- 
ficiency arid prbductivity. While eraplc^ers 
caii influence how advanced automation rf^ 
fects workplaces,* they are concerned about 
hbw the use of advanced automation may 
change skill requirements and^how theae new 
skills will be developed in qurrent and fature 
persbririel. This concera derives, in part^Abra 
dbcumerited problems of basic s^iH^ deficien- 
cies in the cuirent work force and in the U.S. 
pcgtilation as a whde,** Emplco^ers ofteri hold 
different views from those of educators bri the 
goals of instruction that occurs prior tb em- 
ployinent. The Genter Sr Public Resources 
polled representatives of iridustiy", labor, and 
the educational cbmiriuriity oh hbw well local 
school systems prepare individuals for work, 
as well as on specific cbriipetericies based on 
basic mathi science^ arid coriununications 
skiHs. Survey results revealed a ^eat j^s^ 
parity betweeii iridustiy, labor, and educator 
views of what coristitutes *'work-readhiess'/ 
and what types of baseline competencies em- 
plbyers have a right to expect of employees. 
The iridustiy/labor respondents had much 
higher expectations in the area of practical, 
basic competencies than did the educatbrs.^^ 

Regardless of ecbrioriiic sector of geographic 
location, it is clear frbrii statements employes 
have made in. various public f orums, including 
cohgressibiial hearirigs, that many want an in- 
structibnal system that produces individuals 



♦For a detailwi diktissidn of PA-related wdfkiisg environment 
issues, see ch. 4: "XhelEffects of Prbgraininable Autbination 
bii the Work Environment, " 

♦♦The concern for basic skiHs defideirdes in :the:generaipop- 
ulation jvas first .brought tb light in 1976, with the release of 
Adu/t PerformwncB Level Study, the final rei>drt for i 4.ye 
study conducted by ^e Univeraity of Texas for the U.S. Of- 
fice of Education. The report indicated thcLt nearly 20 perce^^^^ 
of the adiilt populatiou^f the United States was functionally 
mita-ate^and. because of basic sldlls defideBdes, unable to per 
form common daUihinctiqns sudi M writing checks, shopping 
for food, or oTderin^^; a meal in a roatauraht. 

^^Ba^cSMnsjn iAe U.S. Work Forcx: Tne&ntraat^P&rce^ 
tlons of Busmess,J[jabor, and Public Education (New York: 
Center for Pubbc Resources. November 1982). 
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wfio have a^strong^oundation of reading, 
math, science, and conmtmications skiiis; who 
possess core occupational or professional 
sfciHs; and who have acquired analytic and 
prbblerh'SoLving abilities that wiH enable them 
to better adapt to workplace chmige. In gen- 
eral, employer and individual demands Sre 
quite similar, with the exception of the em- 
phasis employers place bh analysis and prbb- 
lerh-sblvihg abilities. 

Ihstructibhal Prbviders 

At the sanie time inddvidi^^ .^^jemployers 
are^deniandi^g mor^ from education, tnaining, 
and retraining programs and related^rvices, 
the U.S. instructional system is facing (jtmprec- 
edented obstacles— including shortages of in- 
structors in science, matli, emd technical fields 
such as engineering; f aciKtiesivithLlimited ca- 
pacities relative tb demand; ihd_ butdat¥d 
equipment. This is true&r nearly all bf the en- 
tities that aie engaged in the design and de^ 
livery bf technic2il instructibh, ihcludihg in- 
dustry ^d labbr. Educators in publicly sup- 
ported elementary, secohdary, and pqstsec- 
ohdary ihstitutiohs feel constraihed by re- 
duced Federal assistance and lower State and 
local revenues being channeled into instruc- 
tional programs. Industry-based human re- 
source development personnel, especially 
those who operate within older industries such 
as auto, steel, and rubber, are bein^ forre^ 
reevaluate their approaches anc^^ 
They are facing decisions^fwhether^o expand 
l^'Jl^ils^ course and progr^ offerings in the 
face of low profit margins, reduced capitfd in- 
vestments, and increased foreign competi- 
tion—conditions that usuaHy^precede a reduc- 
tion in corporate-spbnsbreii ihstructibhal 
prbgrams— or to attempt tb identify other 
sburces bf ihstructibh fbr their personnel. 

Labor unions, while successful in negotiat- 
ing some AS^.^^^^^^^^^J'^^'Jl^ for the esj^ab- 
Ushment of joint union-management trainihg 
funds forj«rorkers on the job and for those who 
have been laid off, now bhly represent abbut 



20 percent of the U.S. work force.* Even in 
industries within which the majority bf work- 
ers are unionized, unibhs are bperatihg under 
cbnditibhs more cohduave to concessions than 
to hew demands. In additibh, for unibhs and 
for industry, there is a basic uncertainty abbut 
hbw current ihstructibnal prbgrams should be 
revised or expanded tb reflect the increased / 
use bf advanced techholbgies and changing 
skill requirements, given the bhgdihg nature 
bf technological change. 

Categories of Instruction 

in discussing how technblbgical and ecb- 
hbmic change ^e affecting ihstructioh, it is 
import ant to exaihihe the types bfihstfuetibh- 
al experiences available tb individual^. 

OTA foimd that most instructional services 
- fall into~one~of four categories: 

ifEducatibn— initial preparation for work 
and for life; 

2. Traimii^— instnictibri received upon eh- t 
try to the work site that bridges the gap, \ 
if any, between skills developed through I 
formal education and skills required to/ 
function effectively in the workplace; 

3. Retraining— aU other for^^ 

lated instnictiqn, includlngprofessional 
development and skiUs upgrading; and 

4. Continuing Education—instruction that 
is not necessarily directly work- or C€treer- 
related, but often geared tb personal de- 
velbpmeht. 



*Such _funds require cpn tribu ti ons from em^lb^^ers a^^ 
viduals. For example^ the Los Angeles ElecM 
was established in J 964 to support education and training pro — — 
grains for apprentices and jdurSeymeh covered under the-col- 
lective bargaining agreement between the Ihterriatiohal Bro- 
therhppd pf_Electncai Workers* IxKal 11 (IBEW[ and the L^s 
Angeles. Chapter of the .National .Electrical Contractors' 
Association: Under the terms of the agreement, bocal 11 
members contribute to the Trust 5C _for every hour worked, 
while their employers cbh tribute 15c for every employee hour 
worked. jFor_morein^fo see the IBEW case study in- ^ 

eluded in app. A to this report.) 
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Clearly this range of services, or experiences, 
constitutes in its fullest form a lifelong pro- 
gram of education. While lifelong education 
has been talked about in educatidnal circles 
for a number of years, the combined influents 
of tecfinologieal aid economic change are m^- 
ing the heed for Ufelong learning a reality for 
the current and future work force, regardless 
of the skill level cdhsidered. Indlviduds are 
coming to realize that, regardless of thek level 
of educational attainment prior to joinp^ 
work f orce, there are no guarantees of Kfetime 
employment." Workplace change can'^trigger 
frequent modifications in job functions, or ne- 
cessitate job changes or career changes that 



"Samuel Brodbelt. "Education as Growth: Life^lohg Learn- 
ing," The Clearing Home: vol, 57, October 1983, pp. 72-75. 



will require the peveTopment of new or en- 
hanced skills. Many individuals may find it 
necessary to undergo education, training,^d 
retraiiiing several times during their lifetimes; 
Somte of these individuals may get tuition as- 
sistahce and permission to pursue coursework 
during working hdvirs from their employers; 
others may have to draw on their own time 
and resources. Others may qudify for pa^^^ 
ipatioh in fkierally funded trmning programs 
or for Federal student loans. Accelerated 
change in workplace conditions will alsb^in- 
crease the_emphasis on quality of ihstructidri 
(e.g., cuiriculiim content, qualified instructors, 
adequate e^pment and facilities)^ and related 
services, such as educational and job counsel- 
ing. It will also generate greater j)ressUre f or 
rapid response to Sequent changes in instruc- 
tional requirements. 



GuFrent Trends in Instruction 



As stated earlier in this chapter, program- 
mable automation is but one of many forces 
leading to thadeveToprdeht of new instruction- 
al priorities. It is important to examinejvhat 
is known about current enrolimeiit patterns 
and then to focus on new areas of emphasis 
for the U.S. instructional system as a whole. 
These conditions establish the context] for a 
discussion of PA-related instructiom a^d^ah 
evaluation of the capacities of the education 
and training system. \ 

Changes in Enrollment 

Pattenis of participatiOTi in educatioh, train- 
ing, and retraining programs have changed 
over the past few ye^s. Population groups 
served by different types of instruetibhal pro- 
grams are chmging. Adults aged 17 ye^$ and 
older with specific personal or occupational 
goals are participating in education, trai nin g, 
and retraining programs in record numbers. 
This is in sharp eohtrast. to earlier periods, 
when the heaviest levels of participation in in- 
struction were found among children and ad- 



olescents; These earlier participation rates and 
patterns reflected the predbminant view of the 
function served by instructional progr^s— 
formal educatibn preceded employment and 
usually ended when an individual entered the 
work force. 

According to theJHatibnal Center for Educa- 
tion Statistics (NCES), elemehtaiy and sec- 
ondary school enroUmehta declined by 13 per- 
cent between 1971 and 1981. In roughly the 
same period, ehrbUinehts in higher education 
(2- and 4-yisar institutions) contiimed to grow 
(see fig. 18). FiiU-timepbstsecondary;Sta 
fflDtd all thbse enrolled in 4-year colleges and 
universities represented only 58.3 percent of 
total enrbllmeht by 1982. This is attributed 
tb the expansion of public 2-yeOT CoHeges dur- 
ing this period whose pro-ams were of te^ 
characterized by ojpen admissions policies, 
flexible class schedules,jmd perhaps a greater 
interest in the part-time, wbrkihg student. 
During the pCTiodl97e-81, there was evidence 
of a shift in enroHmeht ff bin 4-year schools to 
2-year institutions,^ withjenrollmehts in 4-year 
schools dropping frbih 74 percent to 62 per- 
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Figure 18.— Percent Chlinge In Pi/blle Elemc^ntary/Secondary School inroliment Between 1971 and 1981, by State 
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Deceased, rridre than hatidhal 
average ( - 1 2.8 percent) 

Decreased, less^ than or equal_JQ_ 
national average {- 12.8 percent) 



SOURCE; National Center lofj Education Slati^jcs, 1982. / 

cent (s^ table 53 and iSg. 19). Dtirii^ the same 
peri(^d, female participation in higher educa- 
tion grew stea(til3^, while male enroUm 
inained fairly stable. Minority enrollment 
reached 16.5 perdent by fl&e falTof 1^^ 9A 
percent of posts^ndsuy students were hlads: 
and 4.0 percent Hispanic^f Iliese data suggest 



I increased 



that postseconda^inst^^^^^ now serv- 

ing a much broader midience and, perhaps,^a 
wider variety of instructions^ needs. Shift in 



"Tfee Condition of Educatiom 1 983 EdiUoD iWashin^tpn, 
D C: Naddnal Centerioij Education Statiatics). During 1981-82, 
there were 3,253 ins titutibhs of Higher e<iucation operating tos 
the United States. Of this numbfer/about one third, or approx- 
imately 1 .ZOOt Were 2-y(Euf coU^;^ Jn^^ that j^pedalized 
in 4'year, . baccalaareate-Level programs and that did not dem- 
onstrate signiHbant involvement in post^baccataureate educar 



Uon_nimafered_l3d._VH^ ^ne vast majbrity br2^w cd 
were public inslituttons (933j,_only 607_4-year coUeges^ were 
privately controlled (see table 53 and fig^ 19) _Therrt were 167 
institutions that offej^/dMrtoral profframs, and another 408 
insti tutwns that * offer^ post-bac^ P^jK^^'^^ptfc^ 
than doctoral pro^prama: Some 545 instituti^s were classified 
as "specialized" by NGES^ m that they placed emphasis _on> 
pardcularprbgram^rea, as engineering. Tfae.majority of 
spcKnaliz^ in^ were privately a)ntrdlled and offered 

bac<^auiecU:e pro^ or both. 

In the. "new institution'! category, 2-year schools have 
dominated since the 1960's. 
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table 53;-Nambor of institutions 61 Hliher_Educatlbh and Branches by tevol, Control, and State: 

Academic Year 1981-82 



state 



50 States and 0 C 

Alabama 

ALaska_ 

Ar!2im_a__ 

Arkansas 

California 

Cplprado ■ • 

Connecticut 

Delaware 

District of Columbia. 
Florida 

Georgia . . . . 

Hawaii 

idaho 

Illinois 

Indiana . 

Iowa 

Kansas 

KeritucRy 

Louisiana 

Maine 



Maryland ... 
Massachusetts : 
MichiQan ; ; : ; . 
Minnesota 
Mississippi : ; 

MisSQorj 

Mufiiafia: 

Nebraska 

Nevada..^... ... 



New Hampsfiire . 

New Jersey . . . 

New Mexico 

New. York: ... . . 
North Carolina . . 
North Dakota . . . 

Cjhio, . 

dkiahoma 

Oregon . ^ 

Pennsylvania . . . 
Rhode Island . . 

South Carisiiha. ■ 
Sbiith Dakota . . . 
Tennessee . . . . . 
Texas 

:z^iah 



tfermont 

tflrguila . 

Washington. 

Wesl.Virfljnia 

WiscQniiin 

Wyoming 

U.S. Service Schopls_ 



All Institutions 



4-Year Iristitutibris 



2-Y63r Institutions 



Total 



3.253 

59 
15 
28 
35 
272 

45 
47 
8 
19 
81 

78 
12 
-9 
158 
74 

60 
52 
57 
32 
29 

56 
Its 
91. 
70 
41 

69 
16 
3T 
7 
26 

61 
19 
294 
127 
17 

136 
44 
-45 
202 
13 

6Q 
2Q 
79 
156 
14 

21 
69 
50 
26 
64 
9 

Id 



Public 



Private 



1.496 

37 
. 12 
19 
19 
136 

27 
24 
5 
4 
37 

34 
9 
-6 
63 
28 

21 
29 
21 
20 
12 

32 
32 
44 
30 
25 

26 
9 

16 
6 

ii 

31 
16 
86 
74 
11 

59 
29 
21 
61 
3 

33 
6 

24 
96 
9 

6 

39 
33 
16 
30 
8 

ID 



1.755 

22 
3 

g 

16 
136 

10 
23 
-3 
18 
44 

44 

3 
3 

95 
46 

39 
23 
36 
12 
17 

24 
66 
47 
40 
16 

61 
7 

15 

1,. 
15 

30 

-3 
208 
53 
6 

77 
15 
.24 
141 
10 

27 
12 
55 
58 
5 

15 
30 
17 
12 
34 
1 



Public 



Private 



558 

16 
3 

-3 
10 
30 



7 
2 
1 
9 

18 
3 
4 

13 
13 

3 
8 
8 
14 

7 

13 
15 
15 
ID 
9 

13 
6 

2 

3 

14 
6 

40 
16 
6 

18 
14 
8 
24 

2 

12 
7 
Id 
39 
4 

4 
15 
6 

12 
13 
1 



1,420 

15 
3 

_B 
_1D 
123 

15 
19 
3 

ti 

35 

29 
3 
2 

83 
37 

34 
20 
22 
11 
13 

21 
65 
41 
32 
10 

54 
4 
13 

1 

11 

26 
3 
168 

34 
4 

62 
11 
21 
108 
9 

19 
9 

40 

52, 



14; 
28 
16 
-8 
30 
0 



Public 



Private 



940 

21 
9 

16 
9 

106 

14 
17 
3 

d 

28 

16 
6 

2 

50 

15 

18 
21 
13 
6 
5 

19 
17 
29 
20 
IS 

15 
3 
9 
4 



17 

id 

46 

58 
5 

41 

15 
13 
37 
1 

21 
t 

14 
59 
5 

-2 
24 
27 

4 
17 

7 



335 
7 

d 
i 

6 
13 

3 
4 

0 
0 

9 

15 
Q 
1 

12 
9 

5 
3 
14 
1 
4 

3 
21 
6 
6 
6 

7 
3 
2 

d 

4 
4 

d 

40 

19 
2 

15 
4 
3 

33 
1 



-3 
15 
6 
2 

1 
2 
1 
4 
4 
1 



NOTE: Branch campJusas are counted separately. 
SOURCE: Natlonai Conier for Education StatlBtica, 19® 
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Figure 19.— tevel and Control of Institutions of Higher iducation, by State 




More public than 
private Institulions 

More 2-year than 
4-year institutions 



i 

SOURCE: National Center for Education Statisllcs. 1982. j 

enrollnient from 4- to 2-year prc^ains may:/re- 
fleet the overall growth in demand for tech- 
nicians (see ch. 4 of this report), since fdimal 
educational preparation for technician careers 
is typically a 2-year associate degree program. 

Enrollment in vocationai edui^tion r^ch^ 
i6.9 million dimng 198(^81, Amo 
institutions oiferingvocatign^^^ 
grams, there were^ 10^ 

while postswondary institutions that^ere re- 
gionaUy accredited. State approved or classi- 
fied as "other postsecondary" by tJSe Vbca- 

/' 

/ 



All other 



tional Education Data System, accounted for 
a total of 6.4 million enroUments. The inbst re- 
cent infonnatibn oh the types of ihstitutiohs 
pfi^ring vocational education prpgrmhs is for 
1978-79. Among secondary institutions offer- 
ing vpcational programs, public secondary 
schqois, area vocational centers, and second- 
ary-level adult progrmns accowt^ for the 
lar^st share of the 19 miUUqn enroUme^^ for 
that jieriod. By contrast, thwe w^ 
diyerait3^m postsecqndmy institutions with 
significant enroUment levds^ with 2-year in- 
stitutions accoimting for ^8 percent of all en- 



id 
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?oHihents (see fig. 20). Mfide and feinale par- i 

ticipation rates in sMOridary-level vocational | 

education programs varied according to enroll- | 

meht areas, with females dutnumbering males I 



Figure 20.— Estimated Enroiiments in 

1 +-2 



Secondary 

i i 2 Public sGcbhdary schools 
(incluilinq secondary leveJ - 
atluit programs); l2. 513.000 

3 Private secondary 
schools. 22.000 

- -Postsecondary 

4 4 year institutibhs Jtit 
higher education 309:000 

^ 2 year ihstitutibhs ot : 

i:;qher education 4;423;000 

6 Puhi.r nnncollegiaie .. 
i*bst^;v.. nrKlary schools: 
741.000 

7 Private. noncoJIegi^te ppst:. 
secondary schools: 989.000 




L;;)! Enrollments Included ir 



SdUPCE National Conler for Ertucation Statistics. 



ipatidns and males 
nd industrial pro- 
3, there were higher 
spaiiics, and other 





Ch. S'-Education, training, and Retrair^qg Issues^* 231 



minorities enrolled in vocational education 
programs than in precbUege and other types 
of programs." 

The number of adujtsparticipating in part- 
time education programs (usually defined as 
a course load of 9 credit Jiouf s or less), both 
degree-credit and nonacademic^ has risen over 
the last decade and is expected to eontinue to 
rise into the ig90's. According tb the results 
of the 1981 Adult Educatibri Participatioh 
Survey, at the clbse of the year ending May 
1981, over 21 millioh persons age 17 or older 
were ehr oiled in adult education programs, 
representing ah increase of over 3 millidh since 
1978, or 17 percent. As was the case in earlier 
surveys of adult educatidh, the participatidn 
rates df whites were markedly higher than 
thdse df varidus other racial/ethnic groups. 
Whites represented 88 percent of all. those en- 
gaged in adult education activities.*'' Individ- 
ual level of prior education attainment con- 
tinued to be one of the strongest tactqrs in- 
fluencing participation in adult education.* In- 
come level was another key factor.** 



' 'National Cente r f or Ed uca tipn StatJsUcs. Pp. cj t . , 1_98X Ac- 
j!ording to NCES, some 27,000 different institutions offered vo- 
cational education programs in .197B-79. Over hadf of these in- 
stitutions, or 15,700, were publicly funded comprehensive and 
yp^ationai secon^^ The second largest group of in- 

stitutions offering vocational educaUpnj^rogr^^^ 
coHegiate postsecondary schools," numbered 6,800 and included 
vbc&tibhaiy technical institiiteaand trade, health, atiU bosiness 
schools. Also included Eimbhg the providers of ybcatibhal educa- 
ilon in 1978-79 were approximately 1,100 2-year and 600 4-year 

institutions. __ _ _ * 

. ^*SurvBy of Pwtidpationm Adult f^ducat/on, conducted by 
the Bureau of the Cehsiis for the National Center for Educa- 
tion Statistics, 1981. 

*'*_Fpr both 1978 and J98j_, there was £ direct pos^^^ 
tionship between the numbers of years of schooling and the rate 
of- participation in adult education: Persons with ^ eighth grade 
education or less participated in ad lilt educatibh at a rate of 
only 2 percent in 1981. On the other hand, 31 j^^^ of per 
sons, with more than__4 years_of jcpU_ege_had ta^ 
adtilt education activity during the year. A little over 11 per- 
cent of high school graduates with no^oDege expenence par- 
ticipated in adult education,^ while over 26 p«rceht_bf those^th 
4 years of college participated. The correspondence between 
higher educational attainment and greater participation in adult 
education was evident across all racial/ethnic groups, and was 
rhbst notable among females. Within each rScial/ethnic group, 
the more well-educated ah individual was, the more likely he 
or she woiJd participate m adiUt educatio The rela- 

tionship between greater attainment and parUcipatjon_was evon 
more pronounced among females than among raales> Male par- 
ticipatibh rates ranged frbm 2 percent for those with less than 



Work-Related Ihstructibh 

By 1981; approximately 83 percent of those 
indicating participation in adult education 
were_in the work force— some 17 million peo- 
ple. Of the3e,^70 percent held white-collar pbsi- 
tibns^ineludihg professidhaL and technical 
jobs. The 21 million iadividuals participating 
in adult educatibh activities in 1981 had bver 
37,000 courses from which tb chbbse. Close tb 
half of the cbursesjbhey took were wthin the 
fields of business (23 percent), health (14 per- 
cent) and engineering (10 percent), and approx- 
imately 60 percent participated for job-related 
reasbhs. For 42 percent of the men and 26 per- 
cent of the women, employers provided some 
or all of the tuition. Expenditures for adiilt ed- 
ucation In 1981 totaled $2.2 billion;, the ayer^ 
age expenditure jE^r pprticipant per course was 
$120^ Approximately 54 percent of the adult 
education courses were provided^ by schools; 
thej-emainder were offered by mdus try, com- 
munity organizations; government agencies; 
and others.*^ 

Industry and fcabdr-Prdvided Ihstructibh 

Two important components of the U.S. in- 
structional system whose activities are not 
fuUy captured in the description of enrollments 
provided^ abov^ f^A^^^^?*'^ the labor 
mqvament. While there are no data on total 
enrollment in industry-based instructional pf 6- 
^ams; the American Society for Training and 
Development estimates, that the private see-/ 
tor spends between $30 billibh and $50 billion 



9 years of formal schooling. to over 28 percent for those wij^h * 
5 or more years of cbllegis. While women with on eighth grade 
education or lessjparticijpated at a rate of only 2 percent, those 
wi th_ 5 or more jr::ears of _coUe^_pariy cipa ted ^ a ra te almost 
36 percent, 8 percentage poiats higher than men with the same 
level of schooling:" (National Center for Edacation Statistics, 
bp. cit., 1983). 

_ .**J[.n_^neral, the higher the income, the greater the rate of 
participation. In 1981 J the P.articipatjon rate_fpr J;hqse with in- 
comes iess thjan $7,500 was 6 percent* while.approximately 19 
percent of individuals with incomes of $50,000 or more partici- 
pated. Adults residing in rhetrbpolitan areas cbrripri^Kl 72 per- 
cent of adult_eduMtb^^ 

to population were higher for the Western States t2_7_percent) 
than for the North Central States (approximately 14 percent), 
the Nbrtheast (10 percent), or South (H^percerit): — 
''National Center for Educatibh Statistics, bp. cit., 1983. 
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ahiiually bri such programs.* Unpublished bu- 
reau of Labor Statistics (BLS) estimates sug- 
gest that in 1982 there were 287,00 
enrolled in apprenticeship programs in the 
United States. Th[s repfesents a decline of 
33,000 since 1980^** WMe apprenticeship r^p^ 
resents only- one of a number of types of train- 
ing offered by jndustry in coopeTatioh with la- 
bor unions and jabor organizations, there are 
ho data available to measure the degree of 
labor involvement in nonapprehticeship in- 
struction. 

In summary, data available on ertroHrnent 
in elementary, secondary, postsecondary, vd- 
catidnal, and adult education seem to show 
that while the numbers of participants under 
the age of 17 have been declining, there have 
been increases over the past few years in adult 
participa,tion. However, given the high levels 
of educational attainment, high incomes, rel- 
ative youth, and ethnic/racial makeup of those 
participating in instruction, individuals within 
the work force who are at greatest risk due to 
teciinologicai and econoinie change are thdise 
least predisposed to enrolling in courses that 
may lead to hew skills development. 

Bhahges in Emphasis 

National recognitibh of the role that human 
resource development plays iri continued eco- 
norrac growth is leading to changes in instruc- 
tional priorities, especially for education and 
training that occurs prior to employment. New 
areas of erriphasis that are ^eady having ^an 
impact bh curriculum are strong basic skiUs 
in math, science, and communication; and 
cbmputer literacy. 



Basic Skills 

While there are skill requirements associ- 
ated with particular workplaces that change 



♦This is a rough estifnate of the total, annual industrY^ 
penditure. ASTD is c(K>porating with theDepartment of Labor 
{DOU to estahUsh mechanisms for systematically -gathering 
data on industry-based educaUbn and tra^ 

♦♦The program for tracking the numbers of registered appren- 
tices bh ah drigdihg basis was eliminated as a result, of DOL 
budget reductions and prbgrarh reorganization in fiscal year 
1982. 



bver time, there are some types of skills so irh- 
pbrtarit that they are widely_accepted^-esseii- 
tial to individual and economic growth, Devel- 
bprnerit of these skills within the individual 
serves as a foundation for higher order persbh] 
al and career skills. Development of these 
skills is also necessary for exercising: rnost 
rights of individual citizenship. The skills that 
comprise this group, commbhly referred tb as 
**basic skills," have changed over time'tb re- 
flect economic^ scientific, techriological, and 
social change. Basic skills M Oirrehtly defined 
are under national scrutiny tb determine how 
viable they are and whether there are addition- 
al skilla that are how sb critical to individual 
and national growth that they should be added 
tb the core group. 

Since the eoloraal era, the need for basiQ prb^ 
ficiencies in mathematics, reading, and writing 
has been recognized by educators as a central 
goal of instructional programs for children and 
adults^ With thacreation of a public education 
system ih the United States during the 19th 
century , the goal was to provide tb all school^ 
age residents of the United States, including 
recent immigrants whb represented a signifi- 
cant pbrtibh of the manufacturing work force 
during the Industrial Revolution, the oppor- 
tuhity tb develop these skills or proficiencies. 
These basic skills were to be developed in the 
primary grades and were to serve as thefoun- 
datibri for bdt! the vocational and academic 
tracks establiished as a p^t of the 19th-cen- 
tury public school system.'* 

Following the reerriphasis on basic skills at 
the founding of the public education system, 
the next major reexamination of basic skill^^ 
and their relation tb dccupationaljjrep^ 
occurred in the I950's, when increased concern 
bver hatib rial defense and a national conirnit- 
ment tb manned space exploration led to the 
eriactrrierit of the National Defense Education 
Act.* This legislation encouraged secondary 

'*T/ ence A Cremiri, Pubtic Education (New York: Basic 
Book., nc, 1976). 

"Sol Cohen, '^The Industrial Education Movement, 1906-17, 
American Quarterly, vol 20^ No. 1, spring 1968, pjp.^^ 

♦Some wduld argae that basic skiUs defidOTciiM that surfa 
during World War II among American military recruits Jed_t_o 
another national exarnihatibn of how basic skills were being ad- 
dressed in elementary and secondary education. 

^4b 
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arid postsecbndaf y ihstitutiohs to place addi- 
tional emphasis on the de:y:elbpment of strong 
science and math skills. The act also sought 
to increase the supply of scientists and tech- 
nical personnel thrbii^ individual scholar- 
ships and Ibw-ihterest loan programs. During 
this period, recognition of the increasing im- 
pbrtaiice of the sciences for ybcatipnal and bc- 
cupatiohal pf eparatibn arid for liriderstaridirig 
key nation^ issues led to a redefining of basic 
skills" to include a foUridatidri in the sciences. 
And for a time, the development of strong ba- 
sic skills in this broader sense was a national 
priority. 

It is difficult tb determihe exactly when em- 
phasis on the develop rheht of strong basic 
skills diminished. However, employers began 
to voice cbhcerhs about basic skiUs defideri- 
cies in entry-level persdririel in the early 1970 's. 

The change in emphasis on basic skiHs niay 
have been related to the broad range of sbcid 
issues that affected the edacattonal system 
beginmrig in the jmd-196G's. The list of man- 
dates for the pubHe education system grew 
rapidly in the late 196D's arid i97Q's. Eduea- 
tibhal equity emerged as a top priority as a 
result of the urban crisis, recbgriitioh of high 
levels of unemployed miriority youth, arid the 
passage of Federal legislation requiring school 
desegregation. With the passage of the Ele^ 
meritary arid Secoridaiy Educatipri Act, the 
public schools were charged with ensuring 
that equal; educational opportunity was ex- 
tended to various target populations, includ- 
ing minorities, the econqrnically- disadvan- 
taged, and tjie h£mdicapped. Perhaps with the 
Mention dire^ this and 

other important new education^ priorities, 
fedef ^y funded educational institutions may 
have inadvertently deemphasized basic skills 
development. Changmg societal goals and val- 
ues, as well as fihahgihg derhbgraphics, have 
presented challenges to educators since the 
turn of the century. And, at present, schools 
are caught between the requiremehts of an old 
society, with its inherent goals arid values, arid 



the requiremehts of ah emerging, more tech- 
hblbgical society.^*' 

Computer Literacy and the Basic Skills 

In the 1980'^, conrinued advances in i^ 
mation and cornmumcadqns t and 
the growing use of computers in the work- 
place, in education, and in the home have 
created an awareness of the value of a * 'com- 
puter literate" population. Gbmputer literacy 
as a term came into use in the mid-l976'sl 
Since that time, there have been a variety of 
ihteipretatibhs of what it rneahs to be ''com- 
puter literate. "^^ While ebmputer literacy 
can encompass varying levels of kridwleRige of 
cdrhputer t^hriold^, it usually refers td basic 
keybdard skills, plus a working knowledge df 
how cdriiputer systeriis operate arid df the geri- 
eral ways in which cdrilputers cari be used. Fdr 
exmriple, Bdeirig CdnipUter Services, a firm 
that offers riatidrially a range df courses relat- 
ing to computer t^hnology, covers the follow- 
ing topics in its "Personal Computer literacy" 
course: 

• cdriiputer termihdlogy; 

• cdriiputer mariuals (ddcuriieritatidri); 

• cdriiputer keyboards; 

• diskette orgariizatidri; 

• cdriiputer files; and 

• general operating practices. 

Based bh the variety of ehvirbhrhehts within 
which individuals are affected by cdriiputer 
techridldgy^ as well as the iriiportarice df pro- ; 

iridting uriderstaridUrig d^f sci^ techridl- 

dgy withiri the gerierad population, educatdrs 
arid dthers are orice ^aiii revisitirig the defirii- 
tidri df "basic skills" arid detenriiriirig whether 

- - '"WiHiiQn K^lser^*The Aineidcan Schoo! Diiemina: OfLthe 
Upside^ the Third Wave," The Ctearihg House, October 1983. - — 

Computer Literacy: issues and Directions for 1985 (New York: 
Academic Press, 1982). 

"Dorothy. K: Deringer and Andrew R: Moliiar, '*Key Compo- 
heh ts for a Natldnjd Computer Literacy Prograni," t^mputer 
Literacy: Issues and Directions for 1985 (New York: Academic 
Press, 1982). 
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it sHbuia be expanded to include computer 
literacy. ^ 

Critics of computer literacy as an instruc- 
tional pnonty question its value to the popula- 
tion as a whole; they cite continuing advances 
in software technology that will increase ease 
of computer use and eliminate the n^ for for- 
mal instruction. For example, alternative in- 
put devices such as the light pen, the *^mouse;'' 
and voice command are now becoming avail- 
able and are particularly popi^^ 
place personnel who are iincqmfortable^with 
keyboardirig, such as managers.^^ In additibh, 
a major obstacle to achiev&g widespread com- 
puter literacy continues to be the high level 
of fuhctibhal illiteracy in the U.S. population. 
Most recent estimates indicate that bne„but 
bf five Americans lacks sufficient reading, 
writing, and math skills to perform such com- 

~~^^Ct^ Z^ley, "The Wide World of Alternative Input 
Devices." Personal Computing. February 1984; pp; 129, 131, 
133-34. and 137. 



mori, day-to-day functions a? filling^but a job 
application or hjmdfing pefsbhal fmances.* 
The business community has become increas- 
ingly concerned about basic skiUs deficiencies 
among employees, including college graduates^ 
These deficiencies represent ih^or obstacles 
to professional performance as well as to con- 
tinued professional advaricemerit. In a recent 
surve:^of^repreaentatives of industiy, trade * 
unions, and local school systems, two-thirds 
of the industry represehtatiyes and the niajori- 
ty of the umoh representatives indicated that 
basic skills deficiencies iii employees limit ad- ^ 
vancement opportunities. And, while the s^^ 
vey indicated that a variety of cooperative ac- 
tivities existed between industries and 
schools, there were few cooperative programs 
aimed specifically at basic skills develop- 
ment." 

♦See reference to University of Texas study of adult illiteracy 
cited etirUer in this chapter on p. 224. 

"Center for Public Resources: Op; cit:, 1982. 



Challenges Facing the U 

Ihstructibhal providers are being asked ib 
take on an increasing number of responsibili- 
ties relating to human resource development. 
First, they are faced with continuing efforts 
to upgrade the skill levels of the U.S. popula- 
tion as a whole— specifically through the de- 
velopment of basic language, reading, mi»th, 
and science proficiencies. At the sairie^ime, 
they are charged with addressing the heed for 
developing new skills and capacities,^ such as 
computer literacy and a basic understanding 
of science and technology withii^the general 
population. In addition, they must continual- 
ly review programs arid services relating to 
vocational and prbfessibhal development in 
the light of economic and technological 
change. It is within this context that the in- 
structional requirements for programmable 
automation must be examined. 



S. Instructional System 

Instruetibhal Requirements for 
ProgrammaBle Antbmatibh 

Some of the education, trmning, and retrain- 
ing requirementsJiiAed to the use bf program- 
mable automation in mmiufacturirig cannot be 
distinguished from instnictibnal requirements 
linked to the increased use/bf advanced infor- 
mation £md conuriuriicatibris technologies in 
nonm^ufacturing wbrk settings— e.g., the 
need for a strong foundation bf basic skills Biid 
for computer literacy is also linked to the use 
of computer-based technologies in pubUc^^ 
pnvate sectbr bffice work sites. Other current 
impacts on the U.S. instructional system are 
directly attributable to programniable 
automation and its effects on skills witKn ex- 
isting manufacturing occupatjons— those 
within the production-line, technician, engi- 
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iieering, and operations management groups. 
It is this distinct set of PA implication^ f or 
vocational and technical education^ trmning, 
arid retraining that will be the focus of this sec- 
tion of the chapter. 

It should be noted that certain conditions 
limit this discussion of instructional require- 
merits for PA. First, advanced manufacturing 
technologies are now iii limited use. While PA 
adoption will increase, patterns of use to date 
have riot led to irivestigatipns of skill require- 
rnerits and accompanjdng inst^^ 
that go beyond what may be unique recjuire- 
ments of individual firms^ Secondly , the Kter- 
ature on PA-related skills and on instruction 
for automated nianufacttoing environments is 
thin, consisting ahnost ehtif^ of very general 
descrijitions of individual courses or prograriisr 
Because of these Himtations, obseryatibris 
made in this section of the chapter on instruc- 
tional needs for PA are based in part bri 14 iri- 
depth case studies of 20 existing instructibrial 
programs that were prepared for OTA in cbri- 
j unction with this assessriierit. 

Iristructibrial Requirements for 
Prbductibri Line Skills 

For jobs common to prbductibri wbrk iri au- 
tomated facilities, there a^jpears tb be a great- 
er need tb develbp the ability tb apply cbriveri- 
tibrial rriariufacturirig skills iri riew^ more cbri- 
cep trial ways. Fbr exariiple, in a Cincinnati 
MUacrbri, Inc. (CM I) training program for em- 
ployees bf firms that purchase CMI's comput- 
erized riurrierical cbritrbl (CNC) equipment, 
bperatbrs learn to interact with the control 
panel arid tb monitor ratheif than constantly 
iriteract with the equipment. CM I instructors 
stress that while students, especially older ma- 
chinists, need to learn to use their^nowlege 
of machine c^eratjons (conceptual) more than 
they may have in the past, their taowled^^ 
traditional machining operations (mbtbr j will 
enable the^ to anticip ate CNC machine riio- 
tiqns and functions." Overfll, elactrbriic cbn- 
trol of production machinefy bf all t3^s is ex- 

'*Cincinnati-Milacron case study. 1983. 



pected to reducedemand for motor skills and 
increase the demand for cbnceptual skills.^^ 

Iristructibri for some technician-level qccu- 
patibris is quite similar in some instances to 
instruction for sldll^ trades occupations (e.g., 
electricians and electronic technicians), ^ven 
the similarities between_certain skiHed trades 
jobs and selected technician-level jobs. But 
where distinctions cmi be drawn— e.g., fbrTO- 
botics, programmable equ^meht iBeld service^ 
and NC part programing techhiciaris—the 
focus of technician-level instruetibri is now bn 
the development of multiple skills (greater skiU 
breadth) and of an understanding bf hbw prd- 
grammab'a equipriierit iriterfaces with other 
cbmpbrierits bf the riiariufacturirig process. 

Traditionally , limted employee-provided in- 
struction has h^n jnade available tb seriii- 
skilled and skilled prodBetion persbriri'^l be- 
yond apprenticeship and/br eritry-l^vel 
training. PA has resxflted in mbre (griiphasis bri 
traiEong for semiskilled and skilled worker 
groups. For example, like many other General 
Motors' facilities, the "S" Truck Plant exam- 
ined in an OTA case study had had rid formal 
rnechanisms for delivering iri-plant, classroom 
arid labbratbry training to shop floor workers 
pribr tb the instailatidri of prdgrammable 
equipriierit in 1980. Since the plant education 
arid training department staff lacked the tech- 
nical expertise to provide such instruction, 
tra^TUrig for shop flooi^workers took the forni 
of on-the-job training or was provided by 
equipment vendors. The^plant's ''New Tech- 
nology TVainmg^I^o^ established a per- 
manent t^hnicsd trcdning group and created 
an ajyareness among plant mariagemerit bf the 
need/for an in-plaht trairiirig/applicatibris lab 
that mcluded equipment designated for trairi- 
ing purposes." 

Production persomiel responsible for^^^^ 
merit/systems operation, and/or maintenance 
and repair most oftenj*eceive their^raining 
T& T iim ve nd ors-ofjyogrammable equipment and 
systems. Through these programs, pf oduetibh 

»*BaiTy Wilkinson, The Shopftoor FoUtics of New TechDoh 

(London: Heinemann Educational Books, 1983). 
"General Motors case'lttudy. 1983. 
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Staff, along with all other types of manufac- 
turihg psrsdniiel» are driehted to general eguip- 
ment/system features and operation. Rarely 
is the training designed to address the unique 
apphcatidhs within a particular plant or facil- 
ity.* There are exceptions among vendors, 
hdwever. Cincinnati Milacron, for exarnple, of- 
fers formaHzed custonier training courses for 
its NC and CNC machines and 
also develop instruction geared to particulsir 
customer applications and wiH provide trEiin- 
ing desj^ consulting services on request.^* All 
five companies studied who were producers df 
pro^ammable equipment orsy^terhs— includ- 
ing Computervision, CAD AM Inc., Cincinnati 
Milacron/inc, GCA, and Automatix— prdvide 
informal on-ihe-jbb training td custdmers dri 
an as-needed basis to supplement instruction 
provided at instaUatidh. Fdrrnal training pro- 
grams range from 2V2 days td 3 weeks. 

Both producer- and user-pro vided training 
for production_personnel sti'esses how td oper- 
ate, monitor^ mmntain, ahirepiair programnia- 
ble equipment or systems. In-plaht cdurse^ ex- 
amined which were provided by user firms 
were very narrowly focused arid intensive, 
with training peridds of 1 td 2 weeks." 

In some instances,^PA-related training for 
skilled production personnel wittsdme previ- 
ous exposure to electromechanical techridldgy 
is broader in scope. Presumably , these wdrkers 
are graduates of apprenticeship prdgrariis arid 
have broader skills on:which td base instruc- 
tion. For example, the I nterhatidnal Brdther- 
hood of Electrical Wdrkers' Ldcal 11 Electrical 
Traihing Trust in Lds Angeles County, Calif. » 
provides vdluhtary training to journeymen 

*This was one important finding of the bTA-sponsored 
survey of views of education, training, and retraining for pro- 
grarnmable automation. For more iriformatibri bri the survey, 
seeAutomatJon and £/je_Vypr/feiace: Selected Labor, Kducalfon 
md^Trmruhg Issues (Washington. D.C.i U.SvCqngress^^ Office 
of Technology Assessriierit. OTA-TM-eLT-25. March 1983). 

^•Cjnj:innati Milacrbri case study. 1983. 

"In-plant. user firrn training was examined at the foUo wing 
companies/plants: 1) a large mrc^raft manufacturer (asked not 
tb be identified); 2) Texas Instruments; 3) CAPAMJnc.La sub- 
sidiary of Lockheed Corp. arid a producer of computerraided 
design software; 4) Cinciririati Milacrbri. a vendor of robots, 
computer- aided machine t ools, and machirie controls: 5) a Gen- 
eral Motors' :'S'* Truck Plant: and 6j_Westinghouse Corp.'s 
Defense arid Electronics Systems Center. 



electricians dii the ihstallatidh and rriaihte^ 
' nance of programmable cdhtrollers. The train- 
ing is designed to develop in eiirdUees who pds- , 
sess a bacicgrouhd in el^tricity an under- 
standing df electrdnics technology— a related 
but separate discipline.^® 

Community colleges tdce a variety of ap- 
proaches to technician-level instructidh for 
PA— from single £Ourses^ td 2-year associate 
- de^ee programs. Henry Fdrd Community Cdl- 
' lege (HFCEj in the Detroit area offers an Au- 
tomation/Robotics Optidh" within its 2-year 
Electrieal-Electrdhics Prograih. Amdrig the 
subjects covered are programmable cohtrdllers 
and. other cdmputer-aided manufacturing 
(CAM) equipment. HFCC has also developed 
sever^ cdurses dh programmable controllers 
geared td the heeds of union apprentices and 
3 durney men. Glehdale Commumty CqUege in 
Lds Angeles County operates a short-term in- 
dustrial training progrmn on computer-aided 
design (CAD) in conjunction with Jocal indus- 
try and government. Both HFCC and Glen- 
dale encourage students to continue their ed- 
ucation J)eyond the associate-degree level by 
indicating courses that could be applied td a 
4-year bachelor of science degree.^^ 

There are some attempts under way to de- 
velop a standardized curriculum for techni- 
cian-level occupations within the field of pro- 
grammable automation^ The advantage JDf the 
core curriculum is that it develops, a broad 
foundation of knoys^edge on which to base sub- 
sequent PA instruction during the same in- 
structional period or at a later date._ For ex- 
toiple, the Center for Qecupatidnal Research 
and Develojpment (CORD), a ndhprdfit orga- 
irfzatidn that develdps iiistructidhal materials 
for emerging technical fields, has developed 
a core curriculum td which cdmpdhehts for 
rdbdtics, cdmputer-aided drafting, or laser 
technology can be added. The core curriculum 
seeks td develop interdisciplinary skills, 
including: 

"Intematibnal BroLherhbbd of Electrical Workers case study; 
1983. _ 

"Hjenry Ford Comniunity Cpllege case study. 1983. 

^'Glehdale CAD/CAM Operator Training Program case study. 
1983. 
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These skilled electhciansi rnembers of tos Angela 
are attend i n g a 6'Week traihi hg pf bgraiti desig nee 
p rpg rajTimabji_co nt r^^^^ the t ral n ! n g p re 

have compieted the program offered by the Los An 
programmable controller coarse: Graduates are enr 
in man UfactU ring facilities. For more Information £ 
of this chapter entitled "Case Studies: S 

• electrical, 

• mechanicail 

• fluidal, 

• thermal, 

• optical, and 

• microcomputer technology.^* 

Community colleges and vc>cational schoc 
several States— Ohio, Oklahoma, New Me 



'•Interview with Dan Hull. President/ CORD, May 1 
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iSlU Los Angeles £fectricai Training Trust 



iiti(X)d Of JElectricai Workers, 
trdublsshoot, and maintain. 
. 170 members of the Local 
iaye compjeted ahM 
intain autornatedegujpment 
AJo thia report, the section 
236 of this chapter 

pted tfie eSRD eleetro- 
m as the itahdafd for 
11 their regions. 

PA instruction for tech- 
along traditional Unas, 
ourses are often simply 
rricula, such aj electro^ 
While such pro-ams 
mis^quahfied to operate 
cnanufacturing f adhties, 
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they may or may not equip indi^^ for fu- 
ture workplace change. Programs that devel- 
op a broad interdisciplinary knowlege base, 
that emphasize computer technology, arid that 
impart a broad understan^ng of the sygtem 
as well as its components are esseritial^if indi^ 
viduals are to have the flexibility to face future 
PA-related change in the workplace." One pro- 
gram that seeks to develop this broad-based 
understanding of the^y stem and component 
is a Brigham Young University (BYU) 4-year 
en^eering technology program, which is de- 
scribed in detail in appendix A to this report. 

In two of the manufacturing lacilities 
studied, Westinghouse Defense and Electrqh- 
ics Center and Texas instruments,^ the train- 
ing of shop floor personnel on autornated 
equipment was linked to r^earch arid devel- 
opment activities. This link benefits re- 
searchers and productibri staff. Both firms 
have established manufacturing technology 
centers where the training of shop floor man- 
agers arid workers who will utilize the tech- 
nology once it is installed is conducted m con- 
junction with applications research. At both 
facilities, trainee inydlvement helps^ the re- 
searchers by proyidirig information about 
shop floor-user ri^s and opportunities to test 
and utilize rriariufacturing technology^ i^^ 
practiced erivironment. It also helps sTiop floor 
workers by allowing them to becoriie fariiiliar 
with the technology before it becoriies a per- 
marierit part of the manufacturing process. 
^ arid by enabling them to express their he^ds, 
concerns, and dissatisfactions prior to final 
system implementation.^^ ^* 

Instructional Requireriierits for Engineers 

Design arid production engineers who work 
in cbmputer-autdmated facijities are required 
to have a broader based knowledge of engi- 
neering operations and stronger riianageriient 
skills than those who wort in riibre cbriveritiori- 



"Dan Hull, **What is High Technology?" DevelopinjgMS^^ 
Technplo^ Vocationa} Programs; American. Vocat.on£a 
Association and the Center for , Occupational Research and 
De^eldpfflent. May 1983. 

"WestihghbUse Defense Electronics Center case study, 198d. 

"Texas Ihstrumehts Corp: case study. 1983. 



eQ manufacturing plants^ There is also much 
greater emphasis placed on understanding 
how PA may be most effectively applied. In 
keeping with these new skill re<iuiremerits, 
sorne engineering schools are placing ^eater 
emphasis on hands-on experiniehtation arid 
prpject-oriented instruction arid less emphasis 
on the more traditional, theory-based 
instruction. 

For exarriple, Worcester Polj^echnic Insti- 
tute (WPI). a primarily undergraduate, engi- 
neeririg arid science institution, joined forces 
with Eirihart Corp. in 1981 to form an ori-carii- 
pus research center^Ii^ addition to providirig 
Eirihart and other _firms with a mariufactur- 
iiig engineering appKcations xesearch^capaci- 
ty, the center offers engineering students the 
opportunity for regular contact with practic- 
ing engin^rs and with practical problems and 
situations in the form of industrial "prefects." 
Two projects— one fbcmsirigpri an appUcation 
within the student's major field arid the other 
focusing on brbid societal impacts of techno]- 
ogy 's appHeatiori^are graduation require- 
ments for all WPI students." 

BYU offers an ehgirieerihg techribldgyiirp-" 
gram with specialties in rhariufactUiing, de- 
si^^ and electronics. All three of the BYU 
technolo^ prbgrarias.substitute appUcation; 
oriented, laboratoiy-based courses, for the 
highly theoretical course work of traditional en- 
gineering prbgrairis. The goal is to combine a 
f quhdatibn iri t hep^ J^tl^pract^^ 
tibris expMeW^^^^^^^ pHbtb on pT24^^ 
puter-aided desigriy^d manufacturing have 
been a part of BYtF's en^eering technology 
prbgrairi sirice the mid:1970's.* 

Attempts are being rnade bn the undergrad- 
uate^^d graduate levels to farililiarize design 
en^neers with manufacturing requirements 
and, conversely, to fariliharize production en- 
gineers with design procedures- In addition, 
there is more eriiphasis being placed on devel- 
bping the ability to take the entire design-rhan- 



"WPr.s Manufacturing Engirieering Applications Center case 

study, 1983, _ ' ^„ . n.- u- 

♦A summary of the case study on B YU's Engmeenng Tech- 
nology Program is included in app: A to this report. 
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uf acturingjjrocess into accoimt-~e.g.^ through 
the systems approach, which focuses on the 
integration of computerized systems with 
more tracHtionai forms of automation. Stu- 
dents enroHed in BYU's master's program in 
computer integrated mahufacturihg are re- 
quired to have at least 1 year of industrial ex- 
perience. They are free to pursue either CAD 
or GAM as an option within the program, but 
are required to take courses from each special- 
ty area and learn to integrate coiriputerized 
systems to solve practical, recumn^iindustn 
problems.^® The University of Michigan's Col- 
lege of Engineering, although mdre^traditidrial 
in its approach to uhdergraduate engineering 
education thar some of the other i^chools stud- 
ied, offers students a graduate-lesv^el program 
in integrated manufacttjrmg. !n 1981, the En- 
gineering College estabUshed a Center for Ro- 
botics and Integrated Manufacturi^ 
in order to coordinate and e^gpand research jand 
teaching activities relating to computer-based- 
automation. In 1982-83^ a total of J5 graduate 
students participated in GRiM-sponsored re- 
search projects." 

The effects of programmable automation dii 
engineering education will depend on the ap- 
proaches taken to engineering instruction 
within individual educational institutions and 
programs. If the more traditional approach is 
taken on the nndergraduate level— i.e^ afpcus 
on developing an extensive, theoreticsd frame- 
work on which to base^practical experience-- 
then PA will represent more of a force for 
change "h graduate and ebhtihuihg education 
prograrns. If individual institutions plade 
greater ernphasis on cbrnbihing theory with 
practice in uhdergraduate ehgineerihg educa- 
tion,, and in so doing emphasize CAD and 
CAM,^theh advahces in PA research and ap- 
plications will cbhtihtie to trigger curriculum 
change oh the undergraduate level; The vari- 
ety of approaches ciutently being taken to pro- 
^aminable automation. in en^iheeri^ educa- 
tion does suggest that indiyiduals preparing 
for careers iii engineering should be aware of 

"Brighairi Young University case study, 1983. 
"University of Michigan case stvidy, 1§83. 



the lack b£ standard approaches to ciimculuin 
conienti The mix of theory and applieatibh, as 
well as the exposure to programmable tech- 
nologies, differs from school to school. 
Regaf cBess of apprbaeh, a critical heeifor ed- 
ucation is to ensure that ehgiheerihgLlabbra- 
tdries ahd cxirricula reflect the state of the art 
of the technology.^® 

Instructional Requirements for Managers 

_ _TSereJias been concern \^thin indus try for 
some time about the lack of management ex- 
pertise in technical personnel. Indeed, some 
observers suggest that industrial managers 
who are cautious and detail-driven, coupled 
with a cbrpbrate deeisibhmakihg process that 
stresses shbrt-terih financial cohsideratibhs 
bver the potential for long-term gain, have sub- 
stantially delayed redesign fimd retbb^ of 
the U.S. manufacturing sector,^® Traditional 
ehgiheerihg programs have riot stressed the 
rieed for the deyeldpriierit of riianageriierit cbm- 
petericies, ribr have traditional management 
education programs o special courses 

geared to the needs of technical and engineer- 
ing operations managers. A recent report of 
The American Assembly of 
of Business, the accrediting body and profes- 
sional organization^ for the deans of approxi- 
mately 600 undergraduate and postgraduate 
business schools in the United States, recom- 
mended that business schools address criti- 
cisms of overemphasis bh finsmce and market- 
ihg in their curiicula by giving equal weight 
to prbduetibh processes and prbductivity/® 
Prbfessbr Tom Luptbh, directbr of the Man- 
chester Business SchboU University: pf Man- 
chester (United Kirigdonij, who has conducted 
a-study-bf riiariagernerit developriierit pro- 



"Pp^JEdd G lower and Lindbh^ Salihe, A Res]^hse to Ad- 
vancing Tecbnoiagies: JleposiJJonmgE to 
Sendee America's Fiitnre (Washington, D.C.: American Society . 
f Of JEiSgineeHng -Education, 1982):_ _ _ _ 

"Wickham Skinner, ** Wanted: Managers for the^Factdry of ; - 
the Future," ANNALS, AAPSS, No. 470, November 1 983, jpp, 

102'114, ____ 

*^Report on US. Productivity and International Com' 
pHetitiVeness, sponsored by The^ American Assembly- of Col- 
legiate Schools of Business at Gebr^ Washihgtbh Universi- 
ty, Washington, D.C., June 13-16, 1983. 
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grams in Western Europe, made these obser- 
vations: 

. , . Management education jBveryv^^ 
Europe and_North America certainly— has 
suffered from the attempt to bring the world 
into the classroom rather than to take the 
teacher (or rather the organiser of learning) 
into the jtields of action. However, it is En- 
couraging to notice the beginning of a shift 
from the passive to more active modes of 
learning^ ^. Yet although the shift ia hap- 
pening in many schools, movement is slow/* 

The need for managers of automated man- 
ufacturing facilities and other complex opera- 
tions to possess an understanding of the total 
manufacturing system and all of its cbrnpo- 
nents has led some universities to create liew 
master's degree programs in technical man- 
agement. The University of Pennsylvania's 
Wharton School has instituted a program en- 
titled "Management arid Technology'/— a joint 
venture between WKartori and the Universi- 
ty *s Engineering SchbbL The Sloan School of 
Management at MIT also offers a graduate 
prograrii in the rriariagement of technologcal 
ihnovatibh. Yale University, too, has estab- 
lished an erigirieeririg rriariagement program 
on the graduate level— a joint venture between 
the erigirieeririg arid management schools. And 
iri the fall of 1983, BYU's technolojy Depart 
rrierit began to offer a graduate degree in teeh- 
riic^ management as a cooperative effort be- 
tween the College of Engineering Sciences and 
the School of Management.* 

Some uriiversities are going beyond the 
disciplines of erigirieeririg arid management to 
include ari everi brbader base in their manu- 
facturing erigirieeririg curricula. With the_aid 
of a 4-year, $2 riiillion grant from the IBM 
Corp., Lehigh Uriiversity of B^thlefiem, Pa., 
is laurichirig a graduate-level mOTufacttt^^ 
systems erigirieering program that will inte- 
grate ''systems perspectives with interdisci- 
plinary education and trmning" and combine 
academic coursework with ''industry-oriented 



iriterriships, laboratories, simulations, plant in- 
spections and projects^''^^ LeWgh is o^ fivB 
Uriiversities benefiting from multimilMbri-dol- 
lai" IBM grants to encourage the establish- 
ment of manufacturing systems engineering 
programs. UCLA's School of Engineering arid 
Applied Science draws its ^aduate-level mari^ 
ufacturing engineering etuf ieulum from the 
disciplines of matmds science, rriechariics prid 
structures, computer science arid erigirieeririg, 
electrical erigirieering, and erigirieeririg sys- 
tems.^^ 

Segmerits of the training mdustry and pro- 
fessional societies are also becoming awm-e of 
the interest in and need Jqr technology man- 
agement coiirses^qr engineers arid ridritech- 
nical personnel employed in autbriaatedjnan- 
ufacturmg facilities. Boeing Computer Serv- 
icesJBCS]^ a subsidiary of the Boeing Cb.— a 
producer of commercial arid jnilitary aircraft- 
is an established provider of techriology-based 
training to eoriimercial firms arid Federal, 
State, Euxd local goverririierits. BCS is test-mar- 
keting asemiriar for rnariagers to provide theni 
with infbrmatiori bri the basici of CAD and 
CAM aysteriis and relate termiriology; as well 
as apririier ori cbmputer graphics and the use 
of CAD arid CAM software. Also covered in 
the serniriar is a step-by-step approach to nian- 
agirig a CAD arid CAM project, including: 

• considerations for piirchasirig hardware, 

• methods to ensure effideritsysterrius^ 
achieve riiaximum productivity, 

• procediu-es for defiriirig trairiirig r^^ 
ments and irriplerrieritirig a training 
prograrii, 

• prbcedures for choosirig proper sjystei^^^ 
applicatibris fbr a particular environment, 

arid 

• procedures for establishing a data man- 
agemerit system/^ 



- -*"Toni fcapton, Management Dey^opment in W Europe 

(Manchester, U:K:: Manchester Business School, 19821._ 

♦For additional iriformatioh dh this program, see the Brighatn 
Young University case study, included in app. A to this report: 



*'B. Utt and_M. Groover, Dev^6faiygMw:iufactvJiiigSy 
Engineers for tti'3 Future:_A_ UMqueIn^^ 
Venture*, paper jpresen ted at the American Institute of Deci- 
_iioii-Sciehces, Southwest Conference, Feb. 29, 1984. / 

"Vic Cox, "Materials Science and Manufacturing Engineer* 
ing: The New Alchemy," The Minonty Engineer, winter 1984, 
pp:JtT, 20, and 22. :_ ; 

"Information provided by Boeing Computer Services, 1983. 
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To date, six courses have been delivered, with 
a tqtd of 180 mmiagers 
professional organizations, such as the Socie- 
ty of Manufacturing Engineers, offer short 
courses in technical managemeht to their 
members and other interested individuals, 
often in conjtmctibh with hatibhal and regional 
cohferehces. 



Case Studies: Selected 

The ihstructibhal system in the United 
States is a loose coh^deratibh of ihstitutibhs, 
agencies, and brganizatibns from the public 
and private sectors. The intent of the pro- 
grams designed arid delivered by these iristriic- 
tibrial providers varies widely. This is rib less 
true fbr iristrtictibrial programs that are de- 
signed to develbp skills required in automated 
manufacturlrig facilities. Within this section 
of the report are included highlights of find- 
ings of an mndeptli examination of 20 instruc- 
tional programs for automated factojyra 
ronments. These pro-ams are representative 
of relatively successful efforts initiated By 
secondary and postsecondary educational in- 
stitutions, vendors bf prbgfammable equip- 
rhent and systerhs, users of _ prbgrartimable 
autbmatibn, labbr uhibhs, and Federal ahd/br 
State^fuhded retraining facilities. Cooperative 
ihstructibrial programs of various types are 
also featured. These firidirigs alsb shed sbriie 
light bri the strengths arid shbrtcbmirigs bf 
cUrreritly available iristrtictibri, prbbleiris eri- 
cburitered iri prbgram design arid opera tiori, 
arid the rbles assumed by educators, iridustry, 
labor, and government in these innovative 
efforts— roles that may be representative of 
emerging roles for these sectors within the in- 
structional system as a whole. 

Tb suppleriierit this discussibri bf trends arid 
patterns iri PA-related iristnictibri, appendix 
A tb this report cbritairis surilrilaries bf five bf 
the case studies develbped: 

• a robotics and cbmputer-aided drafting 
prbgram for high schbol students, bper- 
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It is too soon J;o judge whether th^ 
nolog^ management programs and courses 
constitute the be^nrdngs of a trend. However, 
continued industry pressure for more effective 
technical managers may well lead to ^eater 
emphaisis on the development of management 
skills in '.hdustrial ehgiheerihg and computer 
science programs. 



InstmetioHal PrBgrams 

ated by the Oakland Ciuhty schbbl sys- 
tem in southeasterri Michigan; 

• the uridergraduate arid graduate degree 
prbgrariis iri erigirieeririg techriblogy of^ 
fered by BYU, Prbvb, Utah; 

• CAD AM Iric.'s* cUstbriier trairiirig iri 
cbmputer-aided design; 

• the Los Arigeles Electrical Training 
TVust's programmable controller training 
program; and 

• the **CiyD/CAM'\opera^ 

gram, at Glendale Community College, 
Glendale, Calif. 

Apperidix A also cbritairis a brief descriptiori 
bf the case study methodolbgy. 

Findings: Roles, Functibhs, and 
Capacities of Programs 

The findings Jisted^ Below are^ased on the 
universe of 26 programs encompassed in the 
14 case studies. It should be emphasized that, 
even though careful consideration was given 
tb ensuring variety and cbmprehensivehess bf 
prbgram types, the findings are limited by the 
size bf the s^irhple. Therefore, while certain 
general conclusions can be drawn, these are 
based solely on the scope of the prbgrariis 
investigated. 

Primmy Educniiom-— One priniscry program 
was examined: the BaUas Independent School 
District's ProjjBCt SEED. It emphasizes build- 
ihg basic mathematics skills and interest in 



*CADAM Inc. is a subsidiary of I^cckheed Corp. 
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rriatHematics as the foundation foi^furtfier 
technical studies. Because the program ceui 
reach all schddl-age children in the district, it 
has the capacity to achieve^an^extrerhely broad 
impact by increasing the number of studerits 
capable of and interested in more advanced 
educational programs focusing on PA arid 
other technological fields '*^ 

High School Education.— Two high school 
programs were investigated: the DaUas inde- 
pendent School District's Science and Engi- 
neering Magnet School; and th^ Dafcland 
County, Mich., robotics^and computer-mded 
drafting programs. Pro^mns examined eith^ 
focus on or include computer literacy, pre- 
erigirieeririg, basic computer science, comput- 
er-aided drafting, and robotics. Gareer aware- 
ness is also stressed. The programs examined 
indicate that PA studies can be introduced ef^ 
fectively at the high school level, especially if 
orientation to computer-aided techniques is 
stressed as part of a eompreherisive vocational 
education _^rograin focused bri core trade 
skills.^« 

Community Col/egBS.— Heniy Ford Gbmmu- 
riity College (Michigan), EastfieliGommurii- 
ty College (Dallas), and Qlendale Gommunity 
College (Los Angeles County) were the sites 
studied. Thejnajor functions of their pro- 
grams are: 1) granting 2-year associate degrees 
(or degree options) focusing on or including 
robotics or computer-aided design, and 2) of- 
fering short-term work-study training pro- 
grams jointly operated with iridus tries and 
government agencies for students with pre- 
vious college-level technical coursework. Also 
included among comiriuriity colle^ {unctions 
are career couriselirig and agreements with 
local universities to enable students to proceed 
directly to B.S. programs. The 2-year coHeges 
studied are aU characterized by responsiveness 
to industrial skill needs snd cobrdniatioh with 
local industries on such jnatters as earricu- 
lurri content and equipment heeds. Major 
strengths are the practical orientatibri bi^ the 
technical programs, the industrial experience 

"Texas Instruments case study. 1983. 
*«Ibid. - 

♦'Oakland County case study, 1983. 



of the instructors (usuaUy a hiring require- 
ment), arid their balancing of the needs of the 

. studerits arid the community at large with in- 
dustrial demands for spwijBc skill preparatioh. 
The colleges' focus on practicali technician- 
level coursework makes them excellent vehi- 
cles for responding to the growing heed to 
retrain displaced workers. Major weaknesses 

— stemrprimarily Som lack of adequate ftiridirig 
to purchase Industnal-quaHty equipme arid 
build needed laboratory facilities.^^ 

Universities.^The examination of the uni- 
versity's role in PA instruction focused on four 
erigirieeririg and technology j)rograms: 1) Uni- 
versity of Michigan; 2) Brigham Young Uni- 
versity; 3) Texas A&M University; and 4) Wor- 
cester Polytechnic institute. University ap- 
proaches range from: i) introducing PA stud- 
ies as a major focus (CAD) or minor optibri 
(CAM) in 4-year technology programs that 
substitute practically oriented coursework for 
thejnost theoretical of the cburses required 
in engineerings curriculaj 2) iritrbducirig CAM 
into undergr|duati3 curricula through projects 
with industry or prbjects that simulate indus- 
trial conditions, plus the use of innovative in^ 
struetibnal techiiiques that enable engneering 
undergraduate studerits to be^n to focus on 
GAM at that level; to 3) reserving the focus 
bri cbrriputer-aided manufacturing^(or, comput- 
er^iiitegratea manufacturing) for graduate-level 
programs so that undergraduates may first 
riiaster the fundamentals of traditional engi- 
rieeririg disciplines. Ii^the three universities 
studied in depths* computer-aided design is 
more comprehensjyeiy covered in undergrad- 
uate engineering or^echhology^curriciila fchari 
is computer-aided manufacturing. 

The research functions observed at univer- 
sities, arid the capacity to engage in PA re- 
search, are equally varied; ranging from i^^^^ 
trially oriented applications research to long- 
term research aimed at^ areas of poiehtially 
high technical or economic impjact where suc- 
cess is uncertain. While the latter type of 



**Henry Ford Community College. Tfexas Instnimishts. and 
Glendale CAD/CAM Program case_studies, 1983. 

♦University of Michigan, Brigham Young University, and 
Worcester Polytechnic IhstitUto, case studies, 1983. 



Ch. e-'Educdtioh, rraining, and Retratni ng Issues 243 



research may fill a need that many industn^^ 
do not have the luxury tj) address, the fornier 
ntore effectively fills industry's short-term 
needs.* As in the cases of the high school and 
college programs, most university programs 
are limited in capacity by less-than-adequate 
funding, eqmpment, and laboratory facilities/® 

Apprentice and Journeynian lyaimng-.— Th? 
major fuhctioh of the tmion training programs 
observed— -both of which servejndustriai elec- 
tricians—is to build PA training onto a sofid 
core of fundamental trade skills either during 
the final year of apprenticeship trairang or in 
voluntary or company-sponsored journeyman 
training. Union-sponsored or oriented piro- 
grams observed _differ from university and 
some cqUege programs in that they are jiot de- 
signed to place technology studies in the cohigf^ 
text of broad-based humanistic educatibri. 
However, the union programs cdnceritrate 
more oh the development of a given iridividu- 
ai'asfciHs than in-plaht training prbgrams gen- 
erally do {see below). Whereas most iri-plant 
training focuses bri task-brierited skills re- 
quired to perform a specific job, the tiruon pro- 
grams focus oh adding PA-related skills to the 
cbmpJete range bf skills required to perform 
as a jburrieyman in a specific trade.^^ 

In-Plmit Industrial Tra/iiing-.— AUbf the jn^ 
plant training programs observed" ^provide 
job-specific elassrooni-labbratbry training fo- 
cused on the precise applicatibris needs bf the 
plant. A broad range of mach;ne- or system- 
specific prbgrams were examined along with 
o\eralL systems brieritatibn training for man- 
agers. Ih-plaht prbgrarns are both efficient and 
effective because they are: 1) specifically fo- 
cused pri well-defined applications needs^2)^de- 
livered tb students grounded in both plant pro- 

•See^he later section bri ''Cbbperative Iridustry-Educatlon 
Programs" for discussion of mutual benefits derlv^ from jdiht 
education research projects. _ 

*'Uriiversity bf Michigan. Brigham Young University. 
Worcester Polytechnic Institute, arid Texas Iristnimerits case 

studies. 1983.,,, . 

International Brotherhood of Electrical Workers Program- 
rriable Cbritrbller-Training Program. 

*^Intematibrial Brbtherhbbd of Electrical Workers case stady. 
1983. 

"Tex as I n s trumen ts i an aircraf t m anu f ac turer (asked no t to 
be identified^ CABAM Inc.: Cincinnati Milacron: and West- 
irighbuse Deferise arid Electronics Center: 
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cedures.ahd cbre trade skills who can put their 
new skills in tb practice itnmediately and con- 
tihuously; and 3) more User-onented than 
bther types of PA training, sinc^ the trainers 
are hbrmally in close contact /with system_ 
users, prbgfamers, and maintenance person- 
hel and usually have current or pre\dous plant 
experience in those fields. /Howe 
streainlined efficiency of m-pjmt training Hm- 
its its range: stude^nts normally learn only 
what they need to laiow to perform their jobs, 
and no more. Some in-plani training is also 
limited by a lack of resources devoted tb br 
available for training^ 

Vendor Training-— The major functibri of 
the instructional progranis delivered by pro- 
ducers or vendbrs of PA (equipment and sys- 
tems is machine^ or system-specific training 
which is usually ribt application-oriented^* 
Such programs generally are not designed to 
do mbre than give custibmer traiiiees a thor- 
ough brientatibh to th^ equipment itself and 
the basic skills reqtured to use it; advanced 
vehdbr training coursp impart ^eater depth 
of maintenance skills, and some advanced 
training focuses^n generic appKcations, such 
as welding or Une-tj^aclang (in robotics) and 
mechanicS design ot printed circuit bbard de- 
sign (in CAD). Som^PA vendors, such asGCA 
Corp. (semiconductor equipment, rembte-han- 
dling and large-scale robbtic systems), offer 
several levels of structured courses in key 
m;eas such as maihtehahce. Other vendors, 
such as Gompujiervisibn (CAD hardware and 
CAD and CAM sbftwaie) and Automatix (ror 
boties and visibri systems) will develop, on re- 
quest and for a fee, customized, advanced 
courses.^^ / . 

*The five com^anies profyed^ yeh- 
dof of compute?_aided design systems ibpth hardware and sbft- 
warel: 2) CADaM Inc:; a software-only vendor, niost of whose 
CAD softwar;^ is sold tb purchaigers of IBM hardware: 3) Cin- 
cinnati Mjlafcron, Inc.. a producer of cbraputer-cOhtroUed 
machine toois. robots^ and other_prCKlucts; 4) GC A, a producer 
of specialized automated semiconductor j^quipment; and ^6^ 
AutbmatiZ a vendor Of custom-designed robotic and vision sys- 
terns. WiS the exceptibri bf Cincinnati Milacron (CMD— which 
was fouiided in the 188d's and began producmg cbmputer^Oh- 
trolled^iiachinery in the 1960 3 and ijSlO's— the yend^^^^^ 
are relatively young companies. GC A and Computemsiqn were 
established in the late 1960*s: Aatomatix was created in 1980; 
and j5ADAM was ihcorpbrat^ - ' - 

"New England Programmable Autbiriatibri Customer Traiii- 
in^ case study. 1983. 



The expense of vehddf tfairiing is another 
iimitatidh.* Specific strengths include: ij a 
high level of respdhsivehess to customers' 
needs, 2) increasing amdUrits of attention to 
develdpi hg and utilizing instructional meth- 
dddlogies that attempt to combine flexibility 
with a systematic approach, and 3) ^ increas- 
ihg emphasis on the need for in-pl/i it instruc- 
tor trairirng, manager training, and executive 
seminars, all of which stress the systems ap- 
proach to manufacturing and design. The 
systems appr^ach,^* which takes the entire 
design and manufactrring process in a given 
environment into aecoant, is especially impor- 
tant in companies that now have or are in the 
process of Builciing an integrated GAD and 
CAM database. 

Cobporative Industry'Educatim^ 
While all df the educational programs covered 
in the case study series have involved a degree 
df participation from other sectors, only five 
df the programs could b«>\characterized as joint 
ventures in wWch govcrnmeni agencies md^or 
industrial firms have assmne i a high de^ee 
of involvement in program, operation: Those 
are: 1) the Glendale High School GAD pro- 
gram, 2) the Glendaie coordinated funding pro- 
gram, 3] the E as tf ield eolleg:e printed wire 
?^oard program, 4) WPrslvlanufacturihg Eri- 
gineenng Applications Center, and 5) the 
Texas A&M integrated circuit design pro- 
gram. 

A number r*^ be ^cooperative programs ex- 
amined have che notentied to increase the 
education]!! and/or research capacity of the 
academic par tners, especially those programs 
that provide equipment and/or labbratbry i'a- 
^ r'^^ies which the school could hot otherwise 
. In addition, such programs can prb-v^de 
the ^tlustrial partner with f^ducatidh and re- 
search ser\'ices that ihdustr j is ridt drgahi^ed 
to provide (e.g.,_PA-related training delivered 
in the context of a brbad-basev* nducatidn, and 

♦VendofB anr^. producers in sor^e cjses cj/orjvoh^ 
counts, group diHrounta, arid/f>r free training sir with purchusn 
of thoir equ.'pmenl. But vendor-provided training; v,'hUecnsen- 
t i al w i t h i n i t • ai pur ch a_yc of i uijD men t , \ Jt-^cbrnes too exp^'nsi ye 
as a con tine Dd .S'jurce of instruction, I n A' case s tu^ 
arhiriwi. neither v^endors-tiarT/rodii'XTJrfed that it is t substitute 
for users tscr^hiishing iri-hdiise training capacities. 
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a production-free enykqnmentlni which to con- 
duct ?i-pplications research^: The majority of 

the jnint prograins also give the industrial 
paulner access to faculty and to poteit^l * 
employees, ji.e:, the pafticipating students) 
who are either specifically treiiried in . occupa- 
tions in demand by the company or wTib have . 
some familiafity with company procedures 
and requirements through participation in 
joint research projects. 

- * 

Needs, Problems, and Trends Gommon^;© 
Industry and Education Programs 

Summary 

Neither the industrial nor the educational 
sector alone has fuHy met all ; PA training 
needs identified to date, nor has either solved 
all of the major problems associated with the 
delivery of such training. Some of those h^ds 
and problems are, in fact, cbmrhbn to both iri- 
dustriS training and the instruction delivered 
in educatibhed institutions. 

Cbmmbh Needs 

Long- wnd Short-Tenn Strate^est— While in- 
dustrial organizations need traihing strategies 
that meet both short- and long-term needs tb 
support PA implementation and expansibh 
strate^es, educational institutibhs rtiust plan 
to meet short-terrn ediicatibhal heeds as best 
they can despite the difficulty of dbtainirig 
equipment and labbratbry facilities. Texas In- 
struments has rec.ogrti2edJbdth heeds and sup- 
jplemer:.i:s its in-plarit trmnihg-acd with 
e.zlerisive ihyclvexnerit iii local elemeritaiy, sec- 
ondary, and pdsL*3^cdndary education pro- 
grams, pltlo cO'iiperative arrangernents with 
colleges and universities in Texas^smd els^^ 
where. At the same time, educational insti^ 
tJon>^ mus't engage in long-term forecasting 
and ^dannin]5 consistent with their own educa- 
ciona] rind reseaicfrgoais and future industrial 
needs, ll^ie Uraversity of Miclwgan,_for exam- 
ple has a long-range gosfl of strengthening its' 
independent*researcTi SkI development and eh- 
giheerihg programs, while cbhtihuirig tb re^ 



^*Tr tas Instruments case study, 1983. 
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spohd in the short term to changing industrial 
skills requirements." 

Increased Internaj Coordinaiion^'-Thejiee^ 
for increased coordination between design md 
production departments in industries that 
either have devejqped or pjan t^Jievelop a 
common CAD^and CAM [or compater-fnte- 
grated manufacturing) database is paraHelec^ 
by the need for educational ihstitations to in- 
crease the coordination among departments 
engaged in interdisciplinary research arid/br 
teaching activities. For example, Brigham 
Young University is wbrJdhg to establish 
closer ties between its ehgiheerihg,_techhblch 
gy , and seiende prbgrams in light bf the cbm- 
mon effects bf prbgramrhable autbrriatibh bri 
these cburses bf study, as well as the heed for 
ah interdisciplinary approach in many courses. 

Increased domnjuwcaiiqn.— Enhanced com- 
munications nptworks^are needed not only 
within individual sphools and plants, but also 
between industry and education; among com- 
panies engaged in producing, implementing, 
or expanding progrartunable autbmatibh; and 
among schools offering PA studies.. IhJ:he case 
of the Glendale, GaUf ., CAD/CAM TrEiihing 
Program, State-level cbbrdihatibh and spbh- 
sbrship prbvided bbth the impetus and the 
fundihg resources necessary to give Glehdale- 
Gollege and. other colleges (or, in some cases, 
consortia bf cblleges) participating in the ef- 
fbrt, the oppbrtuhity to establish high-tech- 
hblbgy prbgrams. 

The object of the State-level sponsors was 
to demonstrate the feasibility of coordinating 
both funding sources and publiq and private 
organization efforts to suppbrt emplbymg^ht 
and training projects which wbuld ilsb build 
the educational capacities bf the participating 
schobls. The State^level cbbrdihatioh was also 
a pilot test bf the abilities of State agencies 
to imprbve Ibcal responses to high-techriology 
educatidh arid training needs by pooling and 
cbbrdiriatirig their resources. On the Ibcal level 
the success bf the Glendale program in meet- 
ing its goals was aided by the previously es- 

•HJniversity of Michigan cnso study. 1983/ ' 



tabhshed linkages betw^ri the cdjilege, the Pri- 
vate Industry Cburicil (PIC), arid local busi- 
ness arid iridustry. 

In addition, prospective students and wbrk- 
ers need to be informed abbut the specific prb^ 
grains offered* in particular schbbls arid the 
present and future skill requirements bf the^ 
workplace. There are orgariizatibhs that gather 
and compile infbrmatioh on prbgrariimable au- 
tomation and other high-techriblb^ Gjyirricula 
which can be used by students or wdrRers 
plaririirig further educatibri-* What^appears to 
be needed, however, is a riatibrial rriechanisrri 
for tapping the resources bf the already ex- 
isting orgariizatibris arid gathering irifornla- 
tibri frbrii schools arid iridustries that may not 
yet be iricluded in the riUriierous studies and 
Uribfficial networking done by existing orga- 
nizatioris. As important as gathering infonna- 
tidri ori curricula, training methodologies, 
research, equipment needs, local problems, and 
local solutions is a mechcuiisrn for pubficizing 
that information to teachers, prospective stu- 
dents, arid workers who rnay not even^know 
of the existence of established information or- 
ganizations. A wefl-pubHciz^hatibnal eom- 
munlcations network wouW enable students 
to make informed choices^ of acKools that meet 
their individualjneeds. It.cbuld^sb make cur- 
ricular jcnaterials from a vofiety of sources 
available tb schbbls and industrial training 
departments. 

Exchange of Expertise Between Education 
and J25dustrjr.— The curriculum^ 
and teaching expertise of instructors in col- 
leges .and_uni.versities_can be bf help to in- 
dustrial trainers facing the onset bf increased 
m-plmt^classroom and labomtoiy tr^ainin^ for 
;^-o^ammable automation. Similarly, cblleges 



♦Numerous prbfessibhal societies— such as the Society for 
Manufacturing Engineer^ arid Cbrriput^rrAJdeci Mahufacturirig 
I n teraationaJ-renabje prgfessioiial engineerr to excharige irifor- 
matjon on state-pf-the-art techniques and_prpMenis._ln addi- 
tidh, ehgiheanhg education associations and vocational train- 
ing societies spread irifomatidri among educators and trainers: 
Conferences such as t fiat he by Brigharri ^o\iug University 
for universities engaged in PA teaching and research als^ help. 
As wide-reachiJig as these organizations may however^ they 
are itill limited in that riot all trainers and educators can af- 
ford the timo or receive the furidirig to attend meetings;: 
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This is a sdatfe model (inset) of the grdUp technology cell that will a Partof BYU'3 MinLLab- The model 
was built- in ihe University's Research Laboratory (see caption below) 

Brinha.n Yound University's Engineering Technology Department is creating a "CAM Wini.t:ab"-a sc^ed-down yerpion 

ofah^^^omii^ 

^^doh^couS 

r^b'' IS Ixoec ed to^ operational in the next 8 months and will be located in the CAM^oftware Department. 

StUdentSbal^ equipment for the lab thernselvesriricluding controlJers.an auLonia e^ I^Snlnnp^ 

SS^b^^d^roup technology ceU.thm inchudes a lithe, a rnlll. arid a rdbcU. Once cornplete^^ hope^ 
to ma>Ret th^ concept to o'ther schools of engineerim_and technology. For more mformation on BYU s 

Engineering Technology Program, see app. A 



and uraversities can benefit from having tfieir 
students participate in simulated or actual in- 
dustrial projects. 

As one model for such interaction, the spe- 
cific roles played by company and school rep- 
resentatives in WPFs Manufacturing Engi- 
neering Applications Center (ME AC[ projects 
are as follows: Emhart Corp. supplied all the 



equiprtieht (including the robots themselves 
and the peripheral eqmpment needed to devel- 
op the applications) and transported it to WPI; 
covered all major project costs i^^gl^ch, aside 
from equijpnientr: included adininistrative 
costs, equipment maintenance, arid a jjdrtidn 
of WPI st^f salaries); assigned a project man- 
ager to be responsible for the overall operation 
of the various applications prefects; and as- 
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sighed other engineers and factory workers to 
aid in the research and development. WPI pro- 
vided laboratbry and office space for tha resi- 
dent Erhhart staff; a prbject administrator; 
students^ faculty, and "resident engineers" 
- ;^specially hired to work oh the ME AC projects; 
workshops, demohstratibhs, and tours for 
cdmpahy persdrihel; and tuitidh-free cdUrse- 
wdrk fdr participating ehgirieers whd wished 
td take advantage df the cdllege's educational 
programs^including work toward M.S. and 
Ph. D. degrees). 

Top'Level Organizational or Institutional Sup- 
port and Self-Motivated Action by rnstruc- 
tbr5. ^WeU-planhed and executed training and 
edticatibri requires active support by corporate 
rhahagemeht or "school adrninistratbrs. The 
cbrpbrate vice president whd conceived df and 
initiated the WPI manufacturing engineering 
prdgram enlisted tdp corporate support arid 
acted as aii arbitratdr between the school and 
the company and between Emhart corporate 
and divisional employees when the need arose. 
Apart from top-level support, the need for in- 
dividual instructors in educational institutions 
who take action by deyelopin^^c 

industrial contacts, and 'keeping them- 
selves abreast of the state of the art is 
matched by the need in industry for training 
directors or managers who can ebhvinee top 
management of the heed for training to keep 
pace with PA expansion. 

Flexibility.— Both industry and education 
need the flexibility to Jncorporate the new 
^ training and education needs into traditional 
P^^il^i^^^ an deprocedures: This may, in some - 
instances, requ^ curricula in 

educational institutions and restructurihg 
traihing practices (or ihstituting new trainihg 
proeedures)_in industry. When the heed for ih- 
struetion of production line persbhhel in the 
u^e of programmable equiprneht arose at the 
Geher^ Motors' **S" Truck Plant, for exam- 
ple, staff in the rriaihteriarice department were 
identified tb serve as instructors and a pe^rna- 
heht technical training gfdUp was fbrrned.^® 



'General Motors case study, 1983. 



Jointly .Sponsored Industry'Educatioh Pro- 
grams.— Joint programs with industry, caii 
significantly ihcrease the capacities of educa- • 
tional ihstitutibns to conduct prbgramrhable 
autbmatibh education and research prbgraihs. 
While many industries have difficulties free - 
ing equipment br laboratory facilities for stu- 
dent Use, bthers that have been able tb db sb 
(^.g., JPL, Singer LibrascbpeJ and Emhart,) 
have seen a return on their investment that 
ta' s a v^iety df forms— ranging from free 
coursewdrk for company engineers, to assist- 
ance in inaustrial prpjiects, to company-specif- 
ic trainlng\of potential or current employees. 
Some far-seeing company representatives also 
recognize that byj&upding the capacities of the 
schools, they are bettering their future chances 
of hiring weynadxicated employees Some also 
believe that coHeges can potentiaHy save com- 
panies tredhihg dollars by delivering in-plant 
training. Ih most cases, the companies would 
first have to train the cbUege instructors in 
their procedures and practices^ but industry 
supporters of contracts 'nth colleges for train- 
ing rhaihtaii that this vv culd be less experisive 
than corhpahy-bperated trainihg, and that it 
has the added adyaritage of aiding industry 
and academia at the same time. 

Common Problems 

Lack of A dequate iZesburces. —While t he lack 
bf adequate fuhdihg, equiprneht, and labora- 
tbry facilities fbr training is rhbst hbtable in 
the edUcatibri sector, this problem has alsb 
been observed in sdme vendor and User firms. 
> A significant impUcation is that those indus- 
tries having difficulties filling their own needs 
for equipment, instructors, and facilities are 
hardly in a position to aid scHools looking to 
industry for equipment. The national crisis in 
^"educatibh~that~Kars"l^^^ 
attention in the rnedia and in numerous tb- 
ports appears^© be paralleled by the less Pub- 
licized problem of the low-priority of 
training ih many industrial br^anizationSi-1-- 
: Nevertheless, as the successfully operated 
industry-education programs illustrate}, re- 
sources (including equiprneht and laboratories 
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in industry and the instructional expertise of 
educators) can be shared; Federal, State^ and 
local government agencies can help to faciH- 
tate that sharing of resources by prdvidihgad- 
ditional funds and by creating linkages— as 
was done on both the State and local levels in 
the ii:s%i lice of ealifornia's cbbrdihated fuhd- 

losls.ahce to Change.^ A number of in- 
ucvs- ! V and education representatives have 
pointed out that many individuals in their own 
organizations and institutions exhibit a strong 
resistance to the changes that may be brought 
about by prognunmabie automatipn and other 
emerging technolo|nes: Not only individuals, 
but. entire organizations .;':rw vs resistance. 
While over-resr^M7ciing in an iii-consid^red 
fashion is certainly a danger, the traditional- 
ly gradual change in education and training 
makes a failure to respond in tirne a more 
prevalent— and likely— problem. 

Kci'pmg Up With the Consimiiiy Changing 
State of the Art.— While many educators have 
difficulty keeping up with industrial advances 
in technology, and while postsecondary educ4:: 
tidhal institutions as a whole face extreme dif^ 
ficulty in keeping their laboratory equipment . 
up-to-date, industrial trainers (especially in 
vendor firms) face Similar difficulties in keep- 
- ing up with software updates and new releases 
of both software and hardware. The solution 
to this problem, as to so rnariy others, is in- 
creased resources allotted to edttcational in- 
stitutions and industrial training organiza- 
tions so that they can hire more trainers, cur- 
riculum speciahsts and, in the case ol educa- 
tional institutidhs, more faculty to reduce the 
strain oh the departments as a whole. The 
*\sblutibn," however, is a problem in itself, 
since training resources appear to be scanty 
in many industrial firnis. and fun 
perehhial problem in most schools. 

Finding and Keeping //isiructDrs.— High 
school, college, and University instrugtors who 
have developed PA expertise are attractive to 
industry, and must be dedicated teachers to 

"See case study 5: CAD/CAM Operator Training Program, 
included in app. A to this report. 



pass up the allure of higher industrial salarie 
Many potential^instructors never consider pro- 
fessional academic careers for the same reason, 
leaving the university immediately after com- 
pleting their studies. Industrial training de- 
partments, especially in vendor firms, have 
similar problems. One potential solution lies 
in industry contracts with schools for ex- 
changes of expertise, such as those described 
earlier. This approach can lead to enhancement 
of the professional cdmpetehce of instructors. 

Gominon Trends 

Cross Training and/or Interdisciplinary 
Studies Plus the Systems Approach ^r Engi- 
neers and Manag-ers.— Technical colleges and 
high schools stress the need fpr interdiscipli- 
nary coursework. especially iti robotics and 
other programmable automatibh studies. This 
parallels the cross traihihgbf mechaiilcs. elec- 
tronics technicians, and other techiilcian-l^ve] 
workers and maihtehahce personnel in plants 
where union pro visidns-daiiot preclude work- 
ers from crossing occupational trade bound- 
aries in the work performed. In some union 
plants that have such restrictions (e.g.. where 
electrical maintenance personnel do not per- 
form mechanical maintenance functions), ^i^^^ 
plant trainihg courses often provide familiari- 
ty with those portions of the system not di- 
rectly the responsibility of the individual 
mechanical or electrical maintenance worker, 
The systems approach to computer-integrated 
manufacturing studies offered^by some engi- 
neering schools is, perhapB.^aralleled by ih- 
plant training in GAD and CAM networking 
systems and by systems overview courses for 
managers. 

Technical ManagenjeniEdji^ and Train- 
ihg. —Overview cwy;s^^ -ior mahagers"^^^ 
becomihginore common, as are new master's 
degree prograinsin^ technical ihanagerrierit for 
engineering personnel. SQme_of the uhiver- 
sities studied^ such as the BYU, combine 
coursework for a master's degree m business 
administjpation: with graduate-level engineer- 
ing or technology, courses (often focusing 
directly on programmable automation) to pro- 
duce trained technical managers. 
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Increased AttentiQnJto the fCelationship iJe- 
t Weeh^Educaticui-and'Traihjn Productivi- 
ty. —This trend is related to the growing em- 
phasis on lifelong learning. A large humber of 
ih-plarit trainers and rriahagers interviewed 
equated origdihg ih-plarit traihing with in- 
creased plant productivity. One of the major 
selling points of vendor traihing is that ade- 
quate iristructidh is required to enable workers 
to 'make the most productive use of CAD 
equipment and to keep CAM equipment oper- 
ating at peak efficiency. Trainei-s in the 
union-operated training program studied were, 
perhaps, the most explicit of all. Said one: 
**'rhe only thing we have to sell are ouj skills 
and knowledge— these rnust be pertinent if we 
are to continue to^unction as productive work- 
ers in a changing field. "* Educators concerned 
with the personal productivity of their stu- 
dents after they leave school emphasize the ne- 
cessity of continuing the learning process after 
formal education is rojnpleted. Programs of- 
fjTed by Worcester Polytechnic Institute, for 
exa: nple. ajte specifically structured to produce 
student; who are capable of "iearnihg to learn 
for themselves in a prrfesyionally competitive 
atmosphere.'* According to one WPI repre- 
sehtative, "the net result is that^ if the prb- 
gram succeeds in meeting its goals with indi- 
vidual students, those students who become 
practitidrierS have aii infinite half- life as 
engineers, ins t (Bad of the currently predicted 
i-year half-life." 

_ _ _ _ i _ 

Career Guidance and 
Programmable Automation 

Earlier in this chapter it was pointed out 
that the increasing use of programmable auto- 
mation in manufacturing environments, along 
with other forces at work irL the economy^ is 
causing individuals and employers to develbp 
hew expectations ai-"! requirements for serv- 
ices from the U.S. ihstructibhal system. One 
of the expect atiohs.shared-by 
employers alike is that there wiU be more cdm- 
prehehsive educatidhal arid career guidarice 

' * A largo numbor of the members of the particular IBEW local 
studied worked on a temporary or perrharierit basis for smaJi 
eleclrical contractors, niany of whom could not afford to pro- 
vide formal in* house training. 



• prbgrarils accessible riot drily to childreri arid 
ydtmg people, but alsd td adults. As increased 
use is riiade df advariced autdrriatidri iri the 
plant arid the dffice, skills fequirenlerits will 
charige arid the erriphasis dri develdpirig a base- 
line familial-; / with advanced techridlogies— 
especially the computer— will increase. In 
turn, the variety of career options and modBs^ 
of career preparation will change. 

Given an era iri which Ufelorig education will 
be a riecessity for rridst if riot all participants 
iri the U.S, work force, there will be ari iricreas- 
irig need fc)r educatidrial arid career cdurisel- 
irig fdr adults. Arid iri sdme cases, career cduri- 
seUrig fdr adults rii^y be ari alterriative tc 
education, arid training, as has already been 
demonstrated with some displaced workers 
who possess marketable skills. To date," there 
has been no research yielding specific recom- 
mendations for altering guidance and counSelr 
ing programs in accordance with the increased 
presence of advanced, technologies in the 
American workplace. Yet the potential for in- 
creased opportunities in technology-related oc- 
cupations ari^^ the importance of education and 
cztreer guidaarice require that a. discussion of 
possible changes to established programs be 
included in this examination of changing iri- 
structibriiU issues. ' 

Educatibhal and Career Cbunselihg iri 
Elementary arid Secondary Education 

Career guidance for elementary school stu- 
dents more often than not takes the form of 
structured, periodic classroom sessions da- 
voted to developing ^ awareness of career 
ehoLces^d bptidris. On the secbridary school 
level, educatibhal experiences designed tb iri- 
cre^se a studerit s awareriess of pbssible career 
choices are usually kridwri p.s * 'career expllora- 
tidri prd^airis. " School textbddk publishers, 
arid individual teachers, have develdpled riia- 
terials that rriay be integrated iritd established 
cUrricuia, dr that guidance persdririel mayfuti- 
lize iri special prdgrams desigtled td stimulate 
career interests. 

As career chc'ces iri autbmated ivbrkplace 
erivironmerits iricrease, preparation fbr these 
careers rriay require that decisidris relatirig td 
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courses of study be made niuch earlier in a stu- 
dent 's initial educational preparation. For ex- 
ahiple, a preliminary interest in teehnieal or 
ehgineeririg careers may dictate an increased 
emphasis dri a science ^d math— perhaps 
even in the elementary grades. In Japanese 
school systems^ scjence ^d math educatibh 
are stressed from the lower elementary grades 
and onward. In addition, science and math cur- 
ricula are deveiojped so that one level builds 
closely on the previous level.'Mt will be im- 
portant that classroom materials Used to 
stimulate career exploration reflect the likeli- 
hood of more frequent changes in careers, as 
well'as the full spectrum of choices available. 
Given the relatively low participation rates of 
minorities and women in technical and eng^i- 
neefing professions, exposure of minority and 
female children to career exploration niateri- 
als will be especially important for future 
achievement of workplace equality. It wiU also 
help ensure that these children can make ca- 
reer decisibhs based on an examination of all 
possible choices. 

On the secondary level, the goal of career 
guidance and counseling takes a different 
form. First, there is more dfteri than not a cen- 
tralized guidance function in the form of a 
guidance counselor or, iri larger schools, a 
guidance department. For students who will 
enter the world of work directly after high 
school and for students who wiU go on to col- 
lege or some other education^r traimng ex- 
perience, there are five career guidance heeds: 

• An awareness that career planning is 
. vital\_.,, _ ^ 

• A broad awareness of alternatives . . . 

• Knowledge of a process of decision mak- 
ing ... \ _ 

• Recent, ieasily accessible banks of infor- 
mation . . . and 

• .Systematic treatment with iridividuali- 
zatibn.*® 

"National Science Board Commissibh dri PrecoUege Eduiia- 
tidn in Mathematics. Science and_ Technology. K^^^^ 
ArnencansTor the ^JsC CenlurK l Washington. D.C.: National 

Science Board. September 1983):: 

' "JoAnn HarrisiBowlsbey. .Historical Perspective. 
Wcrocomputers and the School (^^^^^ Va:: 
American Sch<-ol Connseior Association. 1983). 

i 



Leaders in the field of career guidance suggest 
that the work of school counselors will becbme 
more important as a result of increased use bf 
ad^fanced technologies in American society' 
and the resulting need to encourage the per- 
sonal growth required to deal with aii increas- 
ingly complex said technical wbrld.®^ In addi- 
tion, information technology \^dU play a great- 
er role in the guidance process itself, as micro- 
computers, video disfe teletext arid videotext 
serve as vehicles for delivery bf career guid- 
ance systems to supplemerit the role of the 
counselor.®^ A variety bf cbmputer-based guid^ 
ance systems are already used by high school 
guidance couhselbrs. Many counselors who 
have used direct search arid structured search 
systems-rrthe twb types of career databases 
currently available— have found them to be 
valuable resources.®^ 

Career Guidance on the Postsecondary Level 

Whether an individual erirolls In a degree 
pro-am or simply takes selected courses^ the 
focus of guidance prbgrariis in postsecondary 
institutions is usually nlore on placement them 
on examining eareer options. This focu^ has 
been in keepirig with increasing enroffinents 
in specialized, profession^ educatibn^ p^^^ 
grams. However, as technological and econom- 
ic charige forces individuals and institutibris 
to think nibre in terms of broad-based occupa- 
tional preparation rather thsm specializ^atiori^ 
there will be a greater need for career guidarice 
services on the postsecondary level. Barton 
points out thatincreases in adult eiirollrnerits 
arid the growing need of adults for career 
counseling, based in part on techriblogical arid 
economic change, will piresent new challenges 
to the educational cbmmuriity: 

While there is incneasing inbrest jn adults 
anidng members of the counseling and guid- 
ance profession, that prbfessidri has mostly 
dealt with the ydUrig. There is quite a differ- 

*«eynthia Johnson. ''The Future." Micrck^omputers and the 
^ School Coms^JAlexandria, Va,: American Sdhool Counselors 
Association), 

*'JqAnn Harris-Bowlsbey^op: cit:, ta83: 

"Laurence Shatkin. **The Electrdhi- Cduhselof. * ^lectromc 
Learning, September 1983. pp. 75-77. 
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ent set of issues involved in the problem of 
prgvidirig educational advisement and infor- 
to adults than th^^ is in facilitating 
the movement of youth from high school to 
college. The colleges and universities have 
had almost a single source frbrn which to get 
their students— the secondary school. Infor- 
mation about admissions and courses was ^ 
funheled to students through high school 
counselors who were the linchpins between 
the high school and the college. And a starid- 
ardized test^ the Scholastic Aptitude Test 
ISAT)— at least from the college's stand- 
point—helped to grade and sort prospective 
students. 

. . . Potential adult students are not gathered 
^J'l^y ^*'^^ trad place. . . . They often have very 
specific objectives, and need to know what 
kind of education will enable them to reach 
these objectives, and where that education 
^*^_f?yp^J^ th^ community arid at least 
cost in money and time: People who give 
good educational advice to adults have to 
know about the constraints wdrfcihg adults 
encounter; They must be briefed about em- 
ployment and avenues of advancement, 
about what employers require, in order to re- 
late an educational plan to an employment 
outcome.^^ 

Other Sources of Career Counseling for Adults 



A variety of organizations and institutions 
within the community now provide career 
counseling services to adults who are partici- 
pants in the work force or who wish to enter 
or reenter the work force. In 1980. there were 
an estimated 7,991 comrnercial employment 
establishments operating in the United States. 
Some of -them specialize in particular fields 
such as data prbcessihgbr engineering, while 
others work with individuals interested in a 
broad range of career pursuits.^* 



Nonprofit organizations, such as cqmmuni- 
ty-based groups and churches, are becoming 
increasingly ae^. " v^e. particularly in periods of 
high unemployment. National nonprofit orga- 
hizatioris also have been formed to assist 
individuals in identifying job opportunities. 

. ''T"uLB"rtqn. H'or^^ Trmishfon^^ D.C.: Na- 

tional Institute for Work and Learning. 1982). 
''*Data provided by tile V.S. Department of Commerce. 



For example, the National Center for Urban [ 
arid Ethnic Affairs recently: formed a riatibhal 

ihfdfmatidh clearinghouse for use by corrimu- 

nity groups across tl:o country for self-help job~~ 
cduhselihg programs to aid the uriemploy_ed. 
The Center's clearinghouse staff hdvv offer 
workshops td cpmmuhity leaders interested in 
establishing self-help jdb cduhselirig centers.®'' 

Other national nonprofit organizations are 
examining career opportunities for particular 
groups within the population. For example. 
Wider Oppbrtuhitie^ for Women, Inc. (WOW), 
a Washington, D.C.-based organization that ' 
fdcuses on developing nontraditional career 
dppdrtunities fbr woirieh, is how sponsoring 
a Wdmeh's Work Force Project, to identify po- 
tential dppdf tuhities for women in high-tech- 
nology industries.*^® 

The Corporation for Teclmolopcal iValnIng, 
a hbhpr^xit organization serving fiigh-technol- 
dgy employers and individual job seekers in 
Mbhtgbmery Cbunty, Md., has created a Tech- 
nical Occupations Eihplbyment Group that as- 

^ sesses industry skill requirements and pro- 
vides testing, cduhselihg, retrmning, and 
placement assistance dh ah as-heeded basis. 
Given the pdteritial variances in skill mixes 

\ among high-techndldgy and techhdldgy-ihteh- 
sive industries iri different fegidris, such pro^ 
grams that focus on the needs df particular 
geographic areas or target pdpulatidhs may 
y^J^rease in numbers in the near-term future, 
provided there are available resources for their 
establishment and strong industry support. 

As the heed fbr educatibhal cduhselihg and 
Car ear gliidarice increases because df expahded ' 
use of PA in manufacturing, advanced tech- 
nologies iri other types df work ehvirdhmehts, 
and other factors, the heed ihCreases fdr cur- 
rent, reUable informatidh dh dCCupatibhal 
trends and occupatidnal preparation. This 
need for more efficient means of organizing 
and updating occupational information / 
gests the need for greater use of microcomput- 



^'^Bridging the SkWs Gap: Women md Jobs In a fiigh Tech 
World {Washington. D;C;: Wider Oppdrtiiriities for Wdmeii. 
1983). 
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ers and other technologies in the counseling 
process.*' 

Job ebuhselihg, Outplacement, and 
Retraining for Displaced Workers 

Many semiskilled and skilled workers who 
have lost their jobs in autorriobire, steel, and 
other heavy manufaeturihg-industries, or who 
are on indefimte lay-off with slim prospects for 
ever returning to their former jobs, are look- 
ing for new jobs within the manuf acturmg or 
the service sector. In addition, due to both the 
increasing use of programmable automation 
and economic changes, thejobs of many cur- 
rently employed semiskilled and skiUed work- 
ers are at risk. 

Unless these individuals are willing to take 
lower paying^ lower skilled jobs, many wiii 
need to be retrained or to enhance their pres- 
ent skill levels so that they can cornpete for 
available skilled jobs. A few , cgmparaes, 
unions. State universities, and commumty col- 
leges now offer instructional prq^ams Re- 
signed with displaced workers in mind. A tew 
universities and community colleges have be- 
Igun to offer free courses to the unemployed 
lin order to assist them in upgrading their 
tekills.** However, other instructional programs 
a "force fit." Existing curricula and in- 
^tructibhal methods may be inappropriate for 
the skill levels of displaced workers or for use 
with older adults. Often, too, skill levels of 
enroUees are not assessld initially, nor is place- 
ment Of enrollees after eompletibn of traimng 
guaranteed.*' As a result', participation rates 
are"bftW low. "* 

In the past, few retraining efforts for dis- 

placed wbrkers-haveieen^ponsore^dbyin^us:^ 

try. for a variety of reflsons, including: the lack 
of local alternative career oppbrtunities, for 
which instruction could be provided; workers 

"HarrLs-Bowlsbey. bp. cit:. 1&?3- 

"■•Free Courses Offer JoHms a 2d CHihce." I-feW York 7?raes, 

June 28. ..nofrdiH 

""For a detailed accaanC of one such program see Ketrain- 
ine •83'>- Washingtoh Post.mv. 6. 7. 8. and 9JJ83, The series 
dMcribes a techniciSn training pfdgf am for former production 
liiie workers at General Motors' Southgate Plant m southern 
California: 



who resisted retraining in hopes that they 
would be caUed back to their old jobs; and the 
mabiHty bf cbmpanies closing plants to afford 
the cost of retraining displaced workers.'" To 
date, most of the retraining programs estab- 
lished have been paid for with Federal funds. 
For example, the Trade Adjustment Assist- 
ance Prb^am was the^key funding source fox 
the relbcation programs of the 1970 's. Special 
retraining projects for individuals aff^ted by 
massive layoffs were funded thrbug:h Depart: 
ment of Labor discretionary grants." In recent 
years. State and local governments, through 
their economic development agencies, have 
begun to establish State training systems and 
skills centers. These centers aim to attract new 
industries to their gebgraphic areas by pro- 
viding them with a pretrained work force. 
They are often sources of training for displaced 
workers vsrho meet entry eligibility reqmre- 
ments." 

The following factors complicate the process 
of providing retrmning for displaced workers^ 
1) many have been out of schbol for a number 
of years and are uhcomfbrtable with class- 
rooms and instructional approaches designed 
for use with younger and less experienced 
students; 2) many have families and feel they 
cannot participate in education and traimng 
programs unless they also receive some form 
of stipend for Uvihg expenses or payment for 
work performed while engaged m on-the-job 
training; and 3) many need specialized ]ob 
counseling and placement assistance m brder 
to determine how best to uti^e their present 
skills in preparing for new careers and in seek- 
ing but hew employment opportunities. 

Retraining prbgrams estabUshed with the V, 
special needs of displaced wm-kers in imnd— 
" pFogriios in"wKcTi^ current skdls and 
knowledge base are taken into accouht-^are _ 
critical if the United States is to minimize the 



"Jeinhe P, Gofdus. Paul Jarley, and Louis Ferman. mm 
Closings Md Ecohomlc Dft/ocation (Kalamazoo,' Mich.: W.b. 
Upjohn Institute for Emplbymsaxf Research. 1981!, ^ 

(Washin^h. D C;: Notional Alliance of Business. March 1983). 
"Ibid. 
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prbblems of worker disibcatibri and increased 
use bf PA bh the rriariufactufihg work fbrce. 
bfteri, pretrainihg prbgrariis are required to 
address basic skills deficiencies bf to reinforce 
basic skills, such as math, or to reinforce skills 
that have not been utilized in the jobs previ- 
ously held by these workers. 

Whether or not retraining is required for 
cbhtihued participatibh in the work force, the 
twb types of services that most displaced 
workers need are job couhselirig br bUtplace- 
rheht arid retrairiirig. These are discussed in 
more detail belbw. 

Job Cbuhseling/Outplaceinent 



There are many similarities between the 
needs of displaced salaried workers for job 
counseling aiid placement as si stance arid the 
needs of .displaced hourly prbductiori line 
workers. Both grbups reqxiire assistarice in 
assessirig their riiarketable skills arid in identi- 
fying job bpporturiities in which their skills 
riiay be utilized. If new skills need to be devel- 
bped, bbth salaried arid hburly workers need 
assistarice in identifying appropriate sources , 
bf training and retraining. However, there is / 
a riiarked difference in the ability of hourlj^' 
workers to . . . articulate value rather than 
need in representing themselves to prospec^ 
tive employers.'"'^ For example, in responding 
to the question, ''Why should I hire you?" the 
answer given by the former houriy employee 
will often be, ''Because i need it to support 
my f^nlly," rather than "Because IJhave the 
following skills. '* Qrganizations that have pro- 
vided job counseKhg services to productibri 
Khe workers have noted that former hourly 
employees are frequently unable tb project a 
positive image bf theriiselves arid tend tb thH'ik 
of themselves brily in terriis of the\r pn^viblis 
jbbs. Tom Jackson, whbse cbrisultirig firm has 
wbrked with hburly eriiplbyees displaced from 
_the_trimsixbrtatibri, metalworkirig, electronics, 
petrbchemical, and retail sales industries, de- 
scribes the primary goal of job counseling and 
butplacement for these workers in this way: 



'Mhterview with Torn Jackson, chairman, The Careor Develop- 
ment Team, Inc.. March 1983. 



The furidariierital issue here is tb go beyond 
i iob title to the mdiyidua^^ 
she possesses, as well as the qualities. Our job 
is to help the individual to reiestabhsh his/her 
fUridanierital versatility arid, thrbUgh it, to 
adapt to change. The qualities that are unique 
to an individual are the forces that embody 
that persbri's ability tb develbp riew skills. 
This is what we so^ ofteri^ 
look at the job a personJias performed, rather 
than looking at the tbtrl persbri. Urifortuhate- 
ly, bur educatibrial ihstitutibris arid man erii- 
ployers reinforce this limited view of the 
individual.''* 

Job Clubs mid SemiTiars.— One of the most 
successful forms of job counseKrig and out- , 
plaeemeht for former production Hne workers 
h^s been the job club, an organized group of 
unemployed workers who meet frequently tb 
discuss and reinforce each bther's jbb seeking 



'^Interview with Tom Jackson, op. cit., March 1983.. 




Rayrrid|icl 0. was^employed for 17 years as a Research 
Assis tajiL w i th ihe_ Jones _& .Lau^h I Ln Slee i Co rp._ J n 
Pittsburgh, Pa JNhen he lost his job, he enrolled in the 
Robotics In&^allatlon and Repair Program developed 
especially /or displaced steel workers by the 
PP fTi m u n i t/pp I lege of A 1 1 eg he n y Co u n ty, i ri c lo se cd- 
ojiejratlon/With_tJ)e Westlnghouse Cg^^^ 
robotics/eqaipment Now Mr. 0. attends classes 5 
nights a week and works fer a contractor during 
the day installing robots 
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efforts. Job clubs are usually Uinited to 25 peo- 
ple or less. Sessions are devoted to job counsel- 
ing and obtainihg job leads, often with the help 
of professional cduhseldrs, and to practicing 
interviews. The other common type of job 
counseling for former hourly productioh per- 
sonnel is job search seminr :^eiivered by 
trained consultants." Goqdye^iz Tire & Rub- 
ber Co., in cohj unction with plant closings_i_n 
Gonshohockeh, Pa., and Los Angeles in 198Q, 
was the first U.S. firm to provide job counsel- 
ing arid outplacement to hourly production 
line workers, in addition to salaried adniiriis- 
trative arid supervisory personnel.''* Six case 
studies of plant closings prepared for use iri 
cprijuriction with a 2-day conference dri plant 
cldsirigs sponsored by the Departmerit of 
Labor in 1981 ail stressed the iriipdftance of 
getting displaced workers actively involved in » 
readjustment processes, includirig couriseling 
and motivation sessions." 



Other Sources of Counseling and Placement 
Assistance.— The U.S. Employment Service, 
established under the Wagner-Peyser Act of 
1933, has over 2,800 offices across the Nation. 
While the Employment Service offers all uri- 
empldyed persons access to job listings arid 
assistance in matching their skills to available 
jdb opportunities, the counseling arid place- 
ment services it provides are extreriiely limited 
in scope. Tins is due partly to redefinitions - 
over the years by the U.S^Department of L^- 
l5dr of the primary clientele fdr the Employ- 
ment Serviee^ For exarriple, iri 1965, the em- 
phasis of the Empldyriierit Service was to be 
on working with the **employable;;— indivi^^^ 
uals who already pdssessed fairly marketable 
job skills, but whd rieeded access to Hstings 
of available jobs. By 1971, however, the focus 
of Employ merit Service efforts was changeu ; 
to working with those who were viewed by em- / 
ployers as "least employable"— individuals/ 
lackirig basic math ^ reading, arid language 
skills, arid possessing physical or personal 



characteristics perceived as barriers J;o em-. 
ployabiHty, With this shift in focus, most of 
the counseling provided by Employment Serv- 
ice personnel was received by those Who were 
least **jbb-ready,'_' or who had mental or emb- 
tibrial problems.'® / 

Given the changes in the designated audi- 
ence for the Employment Servicb over the 
years since its creation, it is difficult to 
estimate how useful a todl it has been to dis- 
placed workers. Under the Trade Act of 1974, 
legislation designed td prdvide^adjustment 
and relocatibn assistance td workers ffisplaced 
as a direct result of foreign competitioh, the 
Employ riierit Service is designated to admin- 
ister empldy^meriis^ervices for the Trade Be- 
adjustmerit Assistance Pro-am (TRA). For 
fiscal year 1981, the Department of Labor re- 
ported that of the 79^000 workers registered 
with the Employment Service under TRA, 
drily 7,000 were placed in jobs as a result df 
Eriipldyment Service assistance.'* 

The Employriierit Servlce/jcaUed the Job 
Service in sdrne States) has Been designated 
to prbvide couriseling and placement assist- 
ance tb displaced workers under Title III of 
the newly enacted Job Training Partnership 
Act (JTPA). However, employers have beeri 
reticerit dver the yem^s^to/Kst available job 
dperiirigs with the Employment Seryice/Jdb 
Service, partly because of the perception that, 
sirice its establishment, the agency has han- 
dled predominantly/dobs with the Idwest pay 
and the highest turnover,^*^ These conditions, 
unless corrected, may influence hdw effective 
a role the Job Service caii play iri counseling 
and assisting displaced ;wdrkers eligible for 
Assistance under JTPA.^' 

CETA and Job CbuMeEngfOutplace^ 
Displaced workers were among the target 
^dups eligible for assistance under Title II- 
C of the Comprehensive Employment and 



"National Alliance of Business, op. cit.. 1983, ^ 
"Tom Jackson. "IndustricQ Outp[acemene at Goodyear-Part 
21 the Consultant's Viewpoint/* The Personnel Adnumstrator, 

March I9a0. pp: 45-48. ■ 

'-'Plant Closings: What Can Be Learned From Best Practice 
(Washington, D.C.: U.S Pepartment of Labor. 1982). 



^"Barton, bp: cit:, 1982. . o . .nod 

^•Employment and TrainJngneport of the President,_ J 983. 

"oBarton, op. cit.. 1982; testimohy: U.S. Chamber of Com- 
merce; National AUiance of Business, Conunittee for Economic 
Development in_heJDU-ings before the Joint Economic Commit- 
tee. Sept. 16. 23. 26^ 1983: 

"'National Alliance of Business. March 1983: 
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Training Act (eETA). Under this section of 
the act, workers displaced through .mass lay- 
offs or plant closings were eligible for retraih- 
ihgt but only if they had received official notice 
of layoff within 6 mbhtHs^f their day of appli- 
cation arid if the local CET:ft~~prirrie spbrisbr 
could certify that there was little or ri^o oppor- 
tunity for these ^k^brkers to find emplbymerit 
in the sarhe or an equivalent bccupatibn within 
that geographic area. Given the complexity of 
the eligibility fequiremerits. arid also the 6,5- 
percerit limit on retfairiirig for those who did 
riot ttieet staridard iriconle eligibility fequire- 
ments, the irifrequency of advarice ridtice of 
plant closings, and the iOVerall missiori of 
CETA to serve the economically disadvan- 
taged, few CETA prime sponsors used Title 
I I-C moneys to retrain disp^Iaced workers.^Mn 
addition, while the intent j)f the CETA legisla- 
tion was for counseling and placement assist- 



ance to be provided by locsd CETA offices or 
designated contractors, pressures oh IocdI 
CETAl personnel to ''train and place'* resulted 
in little time ibr bbna fide ebiiriseling arid 
placement assistance.^^ 

In summary, from available evidence, it ap- 
pears that job search counseling and place- 
ment assistance have been effective tools in 
assisting displaced workers in iipproying^their 
morstle and self-image, and in developing ade- 
quate job search skills^ The most effective 
sources of job counseling and outplacement 
services utilized to date with displaced work-, 
ers have been job clubs arid job search semi- 
nars delivered by trairied eorisultarits. How- 
ever, in mbst instances, these services w^ere 
delivered at the discretibri bf individual 
eriiplbyers arid have ribt beeri made widel}' 
available. 



-Ibid: 



"Barton, dp. ci; . 1982. 



Edueatien and TFaini 

An educatibri system in any country is a re- 
flectibri bf the values and traditibris bf the 
society it serves. As such, it is difficult tb cbrri- 
pare ancl contrast one national iristructibrial 
system with another without niakihg allbw- 
ances for cultural arid ecoridriiic differences. 
Other distirictioris iri educatiori systeriis, such 
as the ratio of public to private iristitutidris, 
further compUcate the process. Over the past 
year, a number of national studies have been 
critical of the U.S. education system and have 
identified attributes of instrucdonalj)rograms 
in Japan^gmd Europe to be considered for adop^ 
tion in this country. This section of the chapter 
win examine some of the similarities and dif- 
ferences between the United States, Europe, 
and dapanin apprbaches taken to instruction 
that serves as a {.inundation for PA-related 
skills develbpmerit or that develbps skillo re- 
quired in autbmated riiariufacturing. 



g in Eurepe and Japan 

Suniniary bf Cbriiparative Data 

_ Iri the riiid-197D's. the Natibrial Ceriter fbr 
Educatibri Statistics. (NCES) reviewed ari.d 
surrirriarized findings frorii several studies that 
cpriipared educatibri iri the United States with 
that of nine other cburitries: Canada, France, 
Gerriiariy, Italy, Japan, the Netherlarids, Nor- 
way, Swederi, arid the Uri.ited Kingdom. NCES 
found that for the age group 25 to 64, the 
United States ranked first in adult educatiorial 
attainment, with an. average of 11.1 years of 
formal instruction. The Uruted kingdom was 
next highest, at 10.2 j^ears of formal school- 
ing, but closely followed by Japan^^ at 10.0 
years (see fig. 21). By 1976, in jill countries ex- 
cept Canada and the Netherlands, adult males 
aged 15 and over had slightly higher rates of 
oedueatibnal attainment than females in the 
same age group. However, by 1980-81, the 
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Figure 21 .--Comparison of Years of Formal Instruction Completed by Adults 
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numbers of 18-year- old men arid women in the 
Comn-v-nihy of Ten* countries who were full- 
tix?'- * ; ■ fc'ihad increased by 36 percent for 
f^^jfi^^:^: NGES found educatibr was a ma- 
jor g^jvei mnerit Expenditure in all he nations 
examined, but Canadian expenditures repre- 
sented the highest percentage of CjNP (6.5/, 
closely fallowed by the Netherlands (6.3^ per- 
centl U.S. expenditures in the year e?:amined 
U973) represented only 5.1 percent of QNP, 
while in Japan (for 1971)^ education-related ex- 
penditures amounted to only 3.0 perceni of 
PNP (see fig. 22). During the the period I960- 
..'70, the United States had less growth ia high- 
er education enrollments not attributable to 
population growt^ than any of the other cbUn- 
tries studied. Immediately prior to the period 
examined, the United States had greater rates 
of higher education enroUmerit growth than 
any of the other nations (see table 54). 

Vocational Trdmng.—A 1982 comparative 
study of vocational training systems in the 

♦FeU^isnTepabUc orGermaii>« l'ranceLltal>\ The N^^ 
- lands. Belgium, Luxembourg, United Kingdom, Ireland, Den- 
mark, and Sweden. ^ ^ . . 

"^''Education and Training," Eurostat Slatislical Bunetin, 
Oct: 28, 1982. 
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Federal RepubKc of Sermany, Austria, Korea, 
Taiwan, Spain, HoHand^Japan, Liechtenstein, 
Great Britain, Ireland, Pbrtugai, Switzerland, 
and the United States, found that vocational 
education is not highly regarded in these coub: 
tries relative tb its impbrtiaice in producir^g 
\ skilled labor for cbritiriued Industrial develop- 
ment. The vbcatibrial progij'aras of the coun- 
tries examined varied considerably in scope, 
erirbUirierit levels, and available resources. For 
the rribst part, countries with long-established 
vbcatibiifd training tended to consider appiren- 
ticeship as a broad-based foundation for Hf e- 
Ibrig, skills improvement, in contract, natibris 
that required rapid skills developmejiit iixbrder 
to meet the needs of accelerated rates bf indus- 
trial growth seemed to favor shorter teiro, spe- 
cialized instruction delivered by vocational 
training schools or by industry personnel at 
manufacturing sites.^*^ 

An irriportant measure of the quality of ini- 
tial vocational preparation (secondary level) is 



^''Cqmpansoh Among the t>lfferent Vocational Training 
Systems in the Countries FartTdpatingmthe Vl-"., Interna- 
tional drganizatipn for the Prbmbtion of Vocational Training 
and the International Cpmpetitions of Vocational Training for 
Young People. July 1982. 
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Figure 22.---Cdmparlsbh of Public Expenditures for EdUcatibh 

Percent of GNP 
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Table 54.— Growth of Fuli-time Ehrdllrheht in Education, by Level in Selected Countries, 1960-70 



Annual average connpoand growth rate 



Cburitry 



In school-age population^ 
Secondary - Higher 



In ehrbllmeht 



I n en ro I Irn e n t not 
attributable to 
tpbpi^Jati on c hange 



Secondary 



Higher 



Sec ondary 



Higher 



Canada 

France 

Germany (F.R.j . 
Italy ......... 

Japan . . 
Netherlands .... 

Norway 

Sweden . 
United Kingdom 
United States^^ 



3.3 
1.3 
1.4 
-0.2- 
-1:3 
0.4 
0.9 
-1.3 
.0.1 ' 
2:8 



/ 



4.4' 
4.1 
-2.1 
0.1 

2:0 
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2.4 
_4J - 



6.r 
3 r 
3.'a 
5.7 
-0;2 
2.8 
NA 
3.5 
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11:3 
11.2 
7.3 
9.5 
9:0 
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g.4« 

NA 

ib.b^ 

8:3 



2:6 

2.5 

1.9 

6.0 

i.l 

2.4 

NA 

4.9_ 

1.3^ 

0:3 



6:6 

7.1 

9.6 

9.4 

6.9 

4:3 

4.7 

NA 

7.4^ 

4.Q 



^Esttmated. 
^1959-70 

SOURCE: Organization for Economic Cooperation and Development, Paris. France, Educational Statistics YeartJooH. 1975, vol. 1, sec. II, 



the ability of those who have participated to 
demonstrate the rnasteiy of skills.^The Inter- 
hatibrial SkiU Olyrnpics, sponsored by the In- 
terriatidnal Orgaoization f or the E^omotion of 
Vdcatidilal Traimng, are designed to provide 
young people representing 14 member^natiqns 
with opportunities to gain recognition for ex- 
cellence in the skilled trades. 



The United States has participated in six in- 
ternational competitions since 1973. As illus- 
trated in figure 23^ the United States has ha^ 
the lowest average level of performance ovqjl 
the first five competitions, _mth a score, as 
much as 24 points behind Korea and Japan 
an3 as much as 15 pointabehind SwtzeHand^ 
Austria, Germaiiy, and France. Although the 
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Figure 23.- 



• Resaits of the International Skills 
Olympics 

cf ii.ttitJticJl coinp»;titioii smcc l97fi 



Country 



60 



70 



80 



90 



Score 



Austria 

France 

Germanv 

Japan 

Korea 

Liechtenstein 
Switzerland 
Taiwan 
United States 
Belgiurti 
jfelarid 
Nethe-iahds 
Portugal 
Spaiii- 
__anitocl Kingdom 



67.82 
63.5D 
66.3D 
73.8Q 
78.20 
69.00 
68.50 
68.30 
53.60 
55.58 
57.20 
61.70 
53.80 
60.80 
58.3iD 



1983) 



ShVil:-. 



United States ranked first in the auto mechan- 
ics competitions and third in the demdhstra- 
tion of electronics skills (see fig. 24), it held 
last place in the precision rnachinihg. welding, 
and construction trades. In assessing U. S. 
performance, an official of the Vocational In- 
dustrial eiubs of America, Inc. (VICA) has 
noted that the cbuhtries who placed highest 
in the Internatiohal Skills Olymncs include 
our toughest industrial competitors. VieA at- 
tributes the state of preapprenticeship trades 
skills in the United States, at least in part, to 
. . . an adversarial relationship that has de- 
veloped between government, industry, labor 
and education regarding the production of a 
highly skilled, basic trades work force. 

/•Miiu-old Lewis, Hetyprt on f^^rlfapatloh rn 
SkiU Oh mpics, presented at the American Vocational Associa- 
tion Aiihual Con fore nee. December 1983. 



Figure 24. — Results pLtJieJritematldhal Skills 
Olympics 

Electronics 
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Central EufOpeaii 
United K.rigddm 
arid - 'j 
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^^lari - 
Untied Slates 




Features of the Japanese Education and 
Tramihg System With Relevance for 
Prii^grairiiriable Automation 

This section highlights aspects of education 
and training systems in Japan that lay the 
groundwork for or develop skills directly 
related to programrnable automation. 

The Japanese education system is khbwh 
throughout the world for its rigorous curricu- 
lum—particularly on the elementary and sec- 
ondary levels; In a recent book bh Japanese 
high schools, Thomas P. Rholeh of the Center 
for Japanese Studies, University of Califorma, 
estimated that as a result of m accelerated 
elementary and secbadary curricula, "... the 
average Japanese high school student has the 
equivalent basic khbwledge of the average 
American ebllege graduate." One in ten Jap- 
anese students dp hot finish high school, com- 
pared with bne in four Americans. 

The Japanese education system was re- 
formed after World War II. During this peri- 
od, many new Hgh schobls, colleges, and, 
universities were established and education 
through the junior high schbbl level became 
mandatory for all citizens. This change in the 
mandatory educatibh requifemerit and the 
broadening of access to iristrtiction was a ma- 
jor contributbr to Japanese Indus trialization.«« 
Emphasis bh science and math education be- 
gins in the early elernentary grades. Three 
hours each week of math instruction in first 
grade is gradually increased to JS hours each 
week ih grades 4 through 6. Science education 
is prbvided by elementary school teachers who 
did hot specialize in science but who have at- 
tehded in-service training prog^auns in go^ 
meht-established science education centers. 
While the goal of science education in elemeh^ 
tary schobls is to^reate a positive attitude 
toward science^curriculum is niore structured 
on the junior and senior high levels. The Jap- 
anese Ministry of Education,^_uhder authdri- 
ly of the Science Education Prorhbtibh Law 



SOU^JCt H uoUl L-.v. Rf.'port on h^nrticipat.on m the (nlerruttnjr. . 



"Thoitias P. Rholen, Japan's High Schools (University of 

'.liiior'Ma Press^l983>; ... \ ... . 

'•"Y Oshima, "Recent Trends of MsruxfacLurijig Technology 
in Japan/' Automadca. vol. 17, No. 3, Mpy 1981, pp; 421-440. 
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of 1953. has established a prograin to improve 
elementary and secondary school science edu- 
.catibh— a program that includes grants to in- 
dividual schools for the purchase of science 
equipment."''* 

Japanese students who go on to Wgh school 
enter one of a number of programs: general, 
cMi cineering. agriculture, or commerce.^" Ex- 
aminations are required for high school en- 
trance smd the scores received on these exams 
determine each individual's occupational and 
social status. Vocational schools are available 
to students who do not achieve high ranking 
on high school entra: xams. The entire high 
schbbl curriculum is geared to preparing stu- 
dents for highly competitive, college and uni- 
versity entrance examinations.^' 

Shortages of technical and engineering in- 
structors on the j unior college, college and uni- 
versity levels have resulted in few robotics 
. course offerings in Japan, addition, some 
universities do noj; consider robotics Etn_appro- 
priate topic for inclusion Jn engineering cur- 
ricula. As a result, en^neering graduates often 
require additional instruction before they are 
prep^ed to work in automated manufactur- 
ing facilities. However, some edupatiohal ih- 
stitutiohs that are not under the jurisdiction 
of the Japanese Ministry of Education are be- 
giririihg to offer robotics programs in response 
to the heeds of Japanese industry.^^ 

Japanese manufacturers now operate a few 
engineering schools of their own: These insti- 
tutions offer programs in robotics operation 
and maintenance, as well as industrial engi- 
neering programs that ineiude robotics in- 
structibh.®^ In Japan, industry assumes re- 
spbnsibility for ti .^:iing and retraining its em- 
plbyees. Within firms where "lifetime employ- 



i'*U S._ ^Honce and Engineerings Education and Manpower: 
Backgrounds Supply and Demand^ and Comparison With Japan , 
the Soviet Vruoh and West Germany, report prepared by the 
CbhgressibhaJ Research Service for the Subcommittee oh Sci 
ence. Research^and Technology, House Committee on Science 
an_d Technology. April 1983. 

■'"Souji Inag^i. Education snd Trmning: Comnient Erom 
Japan, paper presented at the 13th ISIR/Rbbbt 7. , 

'''RhoJen. op. cit., 1983. 

^'inag^i. Qp. cit.. 1983. 

'Mnagaki. op. cit.. 1983. \ 



ment" is the offici^d pohcy, industry-provided 
instructiqnjs a nece^sity,^ since the majority 
of new employees recruited have just com- 
pleted their form^ education^^* Tlie amount 
and type of training and retraining^ received 
by ah individusfl is fiigfily dependent on the 
stage of the worker's career and, to a lesser 
extent, on expected ieinire; Training for entry- 
level and young workers is more extensive and 
formal than ihstruetibn for older employees, 
although experienced wbrkers autbmaticaHy 
receive fbrrhal treiihihg upbh prbmotioh.^^ 

A study conducte^by the^Japanese Mjnis- 
try of tabor on tfiejmpact on employment of 
robotics and NC equipment in lO^OOO Japa- 
nese manufficturingfaciiities found that over 
60 piercent of the companies had initiated spe- 
cialized trainihg pro-ams in conjunction with 
adoption of these technologies.^^ However, 
shbrtages bf technical instructors are an im- 
pediment tb the establishment of PA-related 
training in rhahy Japan_ese firms, just as they 
are for U.S. cbrripahies. Producers bf PA equip- 
rneht and systems provide sbme training, but 
there is ho inforrnatibh available bn its nature 
of cbhteht. As is the case in the Unitai States, 
small man.iifactufihg firms do hot have the 
time or the resources to provide PA-related 
instruction to employees.^'' 

Training Offered by a Japanese Firm in tJie 
* United Spates.— Training programs offered by 
Nissan Motor Manufacturihg Corp. U.S.A. are 
repf esehtativ^bf erhplbyee educatibh and 
training provided by the Nissan Cbrp. ih 
Japan. Nissah U.S.A. 's truck rhahufacturihg 
facility in Srhyrha, T2hh., is one of the mbsi; 
automated of Nissan's plants, with 219 robots 
and other forms of automated equiphreiii ^d 
systems in use in body assembly, stajhpihg, 
and painting operations; and a * 'jus t-ih- time'* 
parts delivery system. 

The training sysuerh adbpted at Nissajn 
U.S.A. is d he mariifestatibh bf the distinctive 

'*r,aul H. ;^ron, TheM^bot Sccj e in Japmi: An Update (New 
York: Daiwa Sectir;ties America, Inc., -Sept. 7, 1983). 

"James A. Orr, et aJ., U.S. Japan Coniparative Study of 
En^ioywLfit (W^rsjyngton^ D.C.j U.S> Pepartr^ient — - 

01 Jvabor- japan. Ministry of Labor, November 1982). 

^Aron. op: cit;. 198a.. _ 

^'Inagaki^ bp. cit., 1983. 
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approach being taken to plant management. 
In keeping with a streamlined, five-level man- 
agement structure, an interest in encouraging 
employee participation in plant decisionrn^- 
ing and the heed to move employees to differ- 
ent stations in the facility to improve produc- 
tivity. Nissan U.S.A. has developed sjjecial 
mairitehance technician, manufacturing tech- 
nician, and supervisor training prograrns for 
its personnel. Technician traimng is designed 
to develop mult[ple skills and produce an em- 
ployee who can perform a number of different 
jobs and work effectively as a member of a 
team. In?3tructors are Nissan personnel, pro- 
fessors from nearby universities, Or training 
consultants; Some of the supervisory person- 
nel were sent to Japan for instruction lasting 
from 1 to 4 rnonths that took place in selected 
Nissan plants prior tp the opening of the 
Smyrna facility in 1983. Production line per- 
sonnel who are .ibl -hnicians or supervisors 
receive a minimi; f 21 hours of general 
instruction, ther auch as 20 hours of job- 
specifie triining aC body assembly. 

_ " ..Sou. .hut the .lapanese the Utih - •'.niciah-VreMvely 
broadiv, applying H to individuals de.. .u.ted production 
workers by Americana. 



Nissan U.S.A.. has opened a 30,000 square 
foot, onsite training faciUty that contains 
classrooms and a shop area that has demon- 
stration models of all robots in use m the plant, 
a paint buoth and a maintJinance area.'* Fig- 
ures 25, 2B. arid 27 illustrate the traimng proc- 
esses for these training r-rograms, from em- 
ployee selection for pri>empk>yment traimng 
throu^rh certification. JnstttietLon offered at 
the Smyrna plant may be a reflectibh of the 
more extensive use of programmable automa- 
tion by Japanese firms to date, or it may aim- 
ply be a reflection in a different apprdSeh to 
traihihg:;for proau -j-ion Une personnel than 
that taken by American companies. 



""••Nissan Trains U.S: Wockers in Japan." AutomoLiye Ncws. 
May 31 19R2; iddre.ss by MiSrvin T. Ronyon, President ami 
Chief Kxccutive Officer. Nissan Motor M!SHufactaring .^orp. 
U S A before thi- Foreign Con-espondents Club of Japan. 
Tokyo, Japan, Mar. 29. '1983: materi"; prpyided by Lajry P. 
'-■'itz Direct'^r, Persdhriel Development, Nissan li.S.A.: ••Stnn- 
r Mt W^eenLng. Trmning by Nissan,'' American Metal Market 
^ilworking Nev.'S. June 6. 1983. 



Assessment: ■ Japaeity of tHe U.S. InstrHcHbnal System te 
Meet the Ghallenge Posed by Programmable Automation 



Current Instructional Capacity 

There is little information on the number of 
educational irstitutibns witit course offerings 
or fuU-blown tui'riciila for programmable auto- 
mation, with the er -jption of roimtics ^and 
computer graphics. Ro Jotics International, an 
affiHate grbr-; of the Sociuty for Manufactur- 
ing Engineers, conducted a survey of over 
2,0pO: trade and technical schools, commum- 
ty cblleges, and universities toJdentifyTobot- 
■\.s training and education activities iri North 
America. Findii'gs indicated that, in the sum- 
mer of 19S2, there^were 27 institutions that 
Usted rbboticf degi'ees or opv'.'.ns among theu; 
programs ard 74 more that offered robotics 



courses.'' table 55 is a listing bf the resfond- 
ing irstitutions categorized by type of pro- 
gram and, w:ithin types, by land of instiuUtion. 
I ne amount of educationa'. activity related to 
robotics probably reflects the le-ge amount of 
attention this form of PA has received over 
the past few years more than it does tlr degree 
of sophistication cunortly found in robotics 
curricula. 

Cbj;j- liter Graphics WoHd, a mbhthly, com 
merci^ jbiirnal that tracks advances in com- 
luter grayhics software and appUCations, con- 



^Diivci^ry of Nortb Amoiican liobotjcs EdvcaUcn and Train^ 
mg Instkutir'^s. Robotics interriotional. 1983. 
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Figure 25.— Maintenance technician training at Hissf n U i$.A. 
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Corporation USA 



ducted a survey in 1983 designed to identify 
universilfes that offer the following types of 
computer 'graphics instruction: 

• cbmpater graphics research, 

• aiuTiatioht 

• CAD and CAM, 

• cdmputer-aided instruction, 

• design/architecture, 

• design/graphic arts, 

• i'lndTresource, 

• medicine, and 

• other. 



Results of the survey indicate that 84 univer- 
sities in the United States ^.ud tiv?, univef sitie*^ 
in Canada provide one cr riqr types oi com- 
puter^ graphics instil m \ss>ir en^neer- 
ing, drafting, computer scienr^!, or art proH 
gT?ans: However, the survey did n^t e^'c.^uat^ 
the relative quality of these programs. 



'^"Survey of University Computer Graphics ihstructlbh," 
CompAter Graphics World, vol. 7, No. 1, January 1984, pp. 54, 

56. 58. 
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Figure 26.— Mariufecturing Technician Training at Nissan U.S.A. 
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f igure 27.— Mahufacturlhg Supervisor Training at Nissan U.S.A. 
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Table 56. — Robotics Degree Programs im^d Course 
Offerings In North America, 1982 



State Numbor 
/. RoboUcs degnes ahWbc 
dpVdhs Vh rdbdVcS ASi pBit 
dt an englndaring degree 

2-year schools 

Colorado 1 

FioricJa 2 

lilinbts . 1 
Michigan 6 

Ohio. 1 

South Carolina .... 1 

4-year schools 

Florida 2 

Michigari 1 

New York 1 

Norm Carolina ... 1 

Oregon ... 1 

Pennsylvania 1 

South CarohDa 1 
GiaclOaie ievoi schools _ 



CobrQia : 

UJjhois 

New. York 

No.rth Carohna 
Pennsylvania 
Texas 



//. Robotics courses 

2 year schools 

Alabama 

Anions . 

FlD_ri_cla. 

Georgia 

Miinois 

Indiana 

jowa . 

Mar' \^nJ . . . . 
Micl'iqan 
Nor' ■ 

Ohi . 

Xenne^.. >e.e 

Wisconsin 

4 year sct oc'c 
Arizb* J . . . . 
Arkansas.. . . . 

CaliJojnta 

Coloradp 

Delaware ■ • • ■ . 
District oJ Columbia 

Fiorida 

Georgia 

iMiribis 

Iridiaria : ; : 

Michigan . , . . .:• . 

Missic 'j>:5i 

ML&.^our' 

Nebras.kp. . 

(<9w Jersey 

New York . . 

North Carblira .... 

Dhib ... 

PehhsyLvanla _ . . . . 
South Car_oiin? .... 

Tonoessee 

Tex>=3is 

West Virgi ..a 

Wisconsin 



State 

DeJaw.are 

Florida 

|ll|ngi.s_ 

Indiana 

Michigan 

Missouri 

New iJersey : ; 
New York : . 
Noirth Carolina 
O^iO... ... 

South Carolina 
Tenriesr.'je . . . 

Texas . . .' 

Wisconsin . . . . 
Canada 



Nuhiber 
2 

i 
i 
2 



Graduate It^rl schools 
California 



/" "Suppcrl courses" 
generaUy part of a 
robo tics degree 
prograrh 

2-year schools 

Alabama 2 

Arizona ._ i 

California 3 

Colorado 2 

Cbnriecticul :::::: 1 

Florida 1 

Georgia 1 

IIJmois_ P 

Indiana .1 

l_Qwa . , , ■ ■ ■ ■ ■ ■ ^ 
Massachusetts .... 1 

Michigan 2 

Mississippi 1 

fv^issburi ...... 1. 

Nebraska 2 

New a.ersey 1 

New_Y.od<_...__... ... .3 

North Carolina .... 6 

Ohio . . 7 

b'- .a 2 

(Lr. .yon 3 

Pennsy4variia .... 3 
Sbuth Carolina : : : 3 
leririessee . . . . . . .1 

T.pxas :_: : 6 

.V.irsini.a. "I 

Washington . . 3 

Wisco'^sin . 7 

4.year schools 

California 

lUmois. 

Indiana... 

Louisiana ... . . . 

Massachusetts . . 

Micii'gan 

Mississippi 

New York . . ; : : 
tibrth Dak< la : . : 
Ohio: : : : : . 

.i cxas 

CanaL - 

GraduHtti'Teve} schools 
Csiifbrriia 

Havv^Sii 

Nevada 

O.^io.. 

Texas 

Utah 



SOURCE Rdbdiics lr i::frL,-UiQrv^' ^ 
tion and If a* '/"<; l.-'stnuti 



i/V of North Amencai^ Robotics hduca 



As noted earlier in this chapter, the instruc- 
tional requireiBents for progrannjii auto- 
mation are still emerging. But even based on 
current skiUjrequirements for automated man- 
ufacturing facilities, widespread use of pro- 
gramahle automation would pose challenges 
(in. the form of increased demand for the de- 
velopment of certain skills) to elementar:/ sec- 
ohdaiyv pbstsecpiidary, Md continimg etiaca- 
tipn. Industry-based and labor union-based 
instructional programs will also be affected 
by the increased need for technical instruction. 

The present capacities of the U.S. instruc- 
tidrial systern to prepare istudents for employ- 
irient in computer-automated manufacturing 
facilities and ether types of work environ- 
ments are limited by shortages of equipment, 
inadequate facilities relative to present and 
potential future demand, and inadequate sup- 
ply of quality instructors for technical and 
engineering education, in addition, shortajges 
of sciei\ce and math instructors on the elemen- 
tary, secondary, and postseeondary level cbrh' 
plicate the process of developing adequate 
basic skills in individuals who may v»dsh to 
prepare themselves for careers ir> aucomated 
manufacturing. Shortages of state^oft he-art 
equipment and of technical iristruct-f >rs are also 
problems faced in industiy-spdhsdred, irrplant 
instructional programs. 

Based on OTA research, it; is ^luesticnable 
whether the capacity repress nt'3d by the U.S. 
education, training, and retraLrxi^s system will 
H;. sufficierit to meet the chalienge of wide- 
spread use of programmable aut; ^nation, 
should exf en?;ve adoption of programmable 
automation occur, jnstructioral institutions 
are willing and interested in meeting the chalj 
ienge, but it is unlikely that they will be able 
to do so unless equipment and instructor 
shortages are resolved. In additiCi.., usiless 
stroKgf r Bnks aro developed betw^h industry, 
l?bor, educators, and govermheht, it is ques- 
tio .ible whether programs how in develop- 
r and tho3e that will be c'esigned in the 
t" e wilLbe in keeping with pi oserit and an- 
ticipated PA-related skills fequirei.nent:R. In- 
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tersectbf cooperation is also needed to ensure that provide education and Qaree^^ 

thaTlabor mS information is widely dis- services; employers who need the information 

seffiiiated TmonI S Those affected by pro- for long-range planning and labor umons,who 

STmmable autoL^^^^ i.e.. individuals pre- require it to advise their members of the need 

SrSg to enSr the work fOrce; institutions to retrain or otherwise enhance skills. 
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Chapter 7 

Programmable Automation Industries 



The principal pr^ wr able automation 
(PA) iridustries gre^^ ^ in their early 
years. Develdprheht • i f jot ihd_ustry_was 
dominated by ehtrei;-f*-i • ■ : s. The U.S. Gov- 
ernment, through prog, uiab aimed at improv- 
ing militaiy procufemerit, cdhtributed to the 
launch of oiher major PA industries, including 
computer-aided design (CAD) and humerical 
control (NC). Since the mid- to late-1970's, PA 
industries have grown rapidly even during the 
past recessions; they are expected to cbhtinue 
to do so throughout this decade. These indus- 
tries are largely separate at this time, but a 
unified computer-integiated manufacturiiig 
(GiMj industry may emerge in the future. 

Markets for prbgrairirnable automation are 
strongly iriterhatidhal, and various forms of 
interfirm cooperation blur distinctions airibhg 
firms by nationality. Further, PA suppliers are 



providers of services as well as goods; the role 
oi hardware and of manufacturing amon^ 
these industries is considered much less stra- 
tegically important than the role of software, 
cdhtrbls, and various forms of customer 
support. 

OT/ /s evaluatjon d industties reveals 
several broad themes.^ The^^^ 1) there has 
been a discrepancy between vendor and buyer 
views of needs and capabilities; 2) systems 
plannin^and other services are key features 
of PA supply, while manufacturing itself plays 
a smaller role; 3) vendors are likely to package 
and/br distribute hardware and software ele- 
menisniade by several firms; 4) both large mid 
sjDaU firms have played distinctive roles in the 
develbpimeht of FA markets; and 5) govern- 
ments have had a major influence on PA m i - 
ket development. 
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CAD, rbbots, NC machine tools, flexible 
rnariufacturihg systems fFMS), and other pro- 
gfarhmable autbmatibh equiprheht and sys- 
tems are supplied by industries that are cur- 
rently more or less separate. Of the principal 
PA industries, the NC Industry is the bldHSt 
and largest, dating frbrri the I950's._ While 
CA D and robots were available by the 1960's, 
sigrjficant markets for these techriblbgies did 

^ -^me- p J until the 1970's. These industries 
are growing quickly. 

The nreviousiy slow and uneven growth seen 
in markets for autbmatibh goods and services 
reflects a p>ersisteht mismatch betweer un- 
nercially available techhblbgies and the > ill- 
ixigiiess and ability bf users to purchase "hern. 
This may no\ be charigihg. Recent techhblbg- 
ical ajid economic trends— ihcludihg irhprbve^ 
ments in computer cdritrql, im|^f bveriierits in 



equipment interfacing, cost reductions, and a 
Rowing interest in manufacturing productiv- 
ity—have fueled rapid growth m PA sales dur- 
ing the last few years. These trends also have 
blurred some bf the_dist\netions arh ::ng auto- 
raatibh' industries. They^suggest that a singl^^ 
iharkej; encbrhpas^ihg CIM may eventtiELlly 
emerge. Wliether or hg^t this happens^ industry 
aiialysts forecast hat the corribihefd PA rhar- 
ket may grow f^bni under $5 billibh in sales 
ibday to $20 hWioh to $30 billibh by 199C.* 



, *N^te that i^iiblishecl market estimates vary eribrmbusly. in 
part because bl different apprbac^'^h to market definition. The 
^ Arthur Lit t ,e consulting firm, for exami^V-, contends that 
the 1982 market ^was over $24 billion: iJlclu .ing S 11:5 billion 
in "compoting cecHiiology.:: $6:26 in -CAM. " $6.1 billibn in 
•'autoir'' wC-d materials hahdlihg." and $0.26 billibn in rbbota. 
Thds estima te[ appears to use ye categories that may 

^PPjy tQ _nonpi_ogrJi.niiTiable automation products. American 
MetaJ Market/Metsiworking NBws, Sept: 26. 1983: 
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This chapter focuses oh the producers and 
eilers of PA equipment arid systerns, who 
bmprise the various PA industries. The dis- 
ussion provides perspective on their t-bles as: 
) so-called "high-technology:' enterprises, aim 
!) sources of employment. Insights into the; 
:urrent and potential role of these businesse'^ 
n the U:S: economy is provided by describ- 
ng their industrial structure (trends in the 
riniber and types of firms), cdmpetitive con- 
iuct (e:go product strategies), and their finan- 
rial performance. This task is made difficult 
^y the uneven quality and availability of in- 
iastiy data; some industry data (e_.g., for 
•obots) are ayaii^»ble only through trade asso- 
liations and ary r^usstioned even by trade 
association stcirf. ' Since aUtdrnation industries 
:irc growing and changii .g, descriptions of cur- 
rent characteristics dffei only a snapshot. Coiv 
sequently, the chapter addresses changes in 
automation industries over time.* 

Although automation iridustries are grow- 
ing relatively rapidly, much of their inipact on 
the economy will be realized indirectly. This 
is because their principal customers are other 
businesses, which adopt automation to use 
in producing consumer and other producer 
goods. irom appliances to construction equip- 
ment. The direct cdhtnlJutions of these cus- 
torr ers to the grdss national product (GNP). 
the balance of trade, and other indicators of 
national ecdridmic well-being will thus derv. 
in part frdm the use of automated equipment 
and systems; the size of those contributions 
may reflect the extent psrd success of PA 
applicatioris. This is o^e nf the f jSasons why 
riiahy analysts believe t!>?t prqjn^axnrnable 
automation will be increas:rsglv in portant to 
the Natioh/s industrijJ base and, ultimately, 
to riatidnal security. 

'See jHke Kirchner. ••Government Must S'-J.Dport Robotics, 
Says RJA President/: A n^enca/J.Meta^ Maj^ 
S'ews, Sept. 19. 1983: Hv contrast, note that data on ev^-' i:men^ 
production and use in Jai^uu appear to be much moi e thcrou^:. 
ami accurate, _ . ; _ . n i* 

•Because PA ind^istries aro pvolving relativel^y qaicay, it i£ 
y-^rd to describe current conditions in_e_ndiuinjg ternis. Data pre- 
senteci in this report reflect information available ud to late; 
March 1984 . [ 



The broader th-* c^ytcmtier base for program- 
mable aut( rrvLio/t; Ih-^ greater the direct eco- 
nomic contribution v.i autbriiatidn businesses. 
For reference, it she ?ild be pointed dut that the 
machine-tool industry, a principal supplier of 
capital goods to metalwdrkihg manufacturing 
mdustfies, is very srriall in terms of output and 
its own employment (uhder 70,000 employees 
in 1983 and under 80,000 employees in 1982, 
down from about 100,000 in 1980; about two- 
thirds are prbductidri wdrkers).^^ By contrast, 
the compyihg eqUiprnent industry, which [s 
less labor iritensive than the machine tool in- 
dustry and which serves both industrial and 
consumer rnarkets, is much larger (employing 
about 3,420,000 in 1982).' PA producers come 
frdrn both df these industries and from others. 

The ultimate growth and size of domestic 
programmable autbmatibii industries will be 
constrainea because au|6ihatiba markiets are 
and always liave been ihlernaticnal. Although 
the United States initiated the production and 
use of many types df PA, these technologies 
were ^dbpt& relatively quickly abroad. Japan, 
the United Kirigdcm,_FrariCe, Italy, We st_Ger. 
i.nany, Swed:-!!^ arid Norway are each si^fi- 
cant sources of at least Oiie type of prcigram- 
mable autdmatidri. Tills parallel development 
of iridustries may be due, in part, to foreign 
gcverririlerit support Vor automation develop- 
ment arid use, although it is difficult to eval- 
uate the effectivenesi? of such government sujfh 
port actions (see ch. W At present, U.S. 
producers dominate U.S aiai'k«ts for program- 
mable aiitomatioi: They J sa export automa- 
tion products, aod some tT S. firmi have iri- 
vested in the productton of P/* .^quipmerit arid 
sys;.f».rns' abroad. For example, U^.aatidri (ridw 
part of Westinghousej ii;:? a robot pl^:1^ in 
Telford, Engtand, and Gincnnad f filacrc has 
se^^erai Eu.^opC/m marhiue tool plants. V> A . 
gO\^*^;rninen^s restrict access i.o : :atidriai mar- 
kets, international cbmpetitiori i.i automation 
markets will continue tb be strong. 

'Naciimai Machine T-X)l Buiiders Assoc\a*Jon. 1983'S4 Eco- 
nomic yaiidbook of the Machine Tool }nd'jstry_, 

'Electronic Indu? Hes Association, 19S3 fvfrjrket Data Book. 



2BH 



ERIC 



Near-tenn^ 8_™^*^fi jo? domestic program- 
mable automation industries will depend on 
whether dcmestic economic, conditions are 
favorable to investment. The recent recessiojis 
eroded the dramatic growth rates observed for 
automatibh sales toward the end of the last 
decade. Nevertheless, industry analysts cbrri- 
mohly forecast rapid PA market growth for 
the decade. For example, Predicasts, Inc., has 
forecast that the cbrnbined market for **man- 
ufacturihg cbmputers,!* CAD systems, ma- 
chine tools and cbritrdls, and robots will c^dw 
o^er 15 percent anhu^dly between 1982- DS?.'* 
Sales will double, according to that aiSi- lysis, 
attaining almost $15 billion by 1987. The anal- 
ysis asijumes a GNP growth rate in re?': terms 
of 3.8 percent per year. A more sluggish econ- 
omy would therefore mean lower P ' nales 

Industry growth will also depep. on the 
ability of American managers to f *r ^tify in- 
vestments in prbgrairimable automaLion arid 
tb bfecbme adept at using it. Inability to do 
both has limited the diffusion ' v PA t^nh- 
hblbg^es.* In the future, attitudirial obstacles 

-- ^"{{otxDts, CAJD/CAM Lejad I980's Automation Surge, Says 
I^redica^sts," The Battery Man. November 1983. 

♦Wnile indiri-ct production i osts tend not to vary with choices 
' >; conventiore j equipment. they_ can vary eno^movi sly forJPA, 
Conventional methods of investment analysis hav-i htion unabj*: 
t' t capture 111 change-j in costs. Also* the conventional emphasis 
oh investments with quick paybacks overlooks the Ibrig-terrri 
benefits of flexibility conveyed by PA. 
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are likely to be lower Jbecause widespreaiebh- 
cern (sometimes bordering bri hysteria) about 
international competitiveness, as well as trade 
association activitieSriechiiical and trade pub^ 
licatibhs, and vrribus informal hetwbrkirig 
activities are all familiarizing grbwihg num- 
bers bf businessmen with PA's nature and 
pbtehtial benefits arid costs. Cbrifererices spbh- 
sbred by the Society bf MariufactUririg Engi- 
neers (SME) arid other prbfessi jrial arid trade as- 
sbciatibris duririg the^arly 1980*s have iricJuded 
riuriierous sessidris bri financial analysis and 
other activities desigried to help erigineers per- 
suade Upper mariagemerit to support automa- 
tiori. Meanwhile, anecdotal evidence suggests 
that in a number of companies upper manage- 
ment is demandin-g programmable automa- 
tion, even before specific applications are iden- 
tified. 

The remainder bf this chapter addresses the 
development bf the CAD, NC (with FMS), arid 
robotics iridustries; characterizes related iri- 
dustrial activity; exariiiries the pbteritial for 
a CIM market; arid derives conclusions about 
key traits of PA industries. Contrasts between 
countries are examined to the extent that data 
permit. 



Pripc^.pal Programmable Aritdmatidn Industries: 

Evelutioh and Oiitlook 



CAD 

History 

The first C At) .^^^rstcni? ere developed by 
users. In the late i95()*s^vd early 1 966 's, air- 
craft and automo^ije compc^Tiies, whose prod- 
ucts are very complex, developed their own 
software to aid in product design mid_ engi- 
neering. Pioneer users, svch as GM and Bce^ 
ing, were necessarily larg jrns becau se early 
CAD and engineering required ilie u?e of ex- 



pensive mainframe cbmputers'. The diffusibri 
bf CAD during the 1960*s was slow, limited 
by the cbst bf hardware arid the reqiiirerrierits 
for extensive engineering arid sbftware sup- 
pbrt. Most early users were deferise cbritrac- 
tors iri the aerbspabe arid electrbriics indus- 
tries, where the U.S. pepartmerit bf Deferise 
(DOD) supported CAD devslbpmerit arid Use. 

A formal market for the purchase and sale 
of CAD emerged during the 1970*s, due in part 
to iri::proverrierits iri cbrriputer hardware and 
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n operating systems whi^h enabled more 
irms to afford i:ompui:^^rs for increasingly 
jowerful work. Using rmcrbprbcessors, mirii- 
ihd rhicrocorriputers made ri any tasks, iriclud- 
hg basic two-dimerisibhal cdmputer-aided 
irafting. possible without a rriaihframe com- 
puter. The electronics industry, from cdmpd- 
lent manufacturers to corriputer inakers, pro- 
vided a grdwihg market fdr CAD systems.^ 
Compared to mechanical manufar''urL"-.'^ firms, 
Hectrdriics firms were more c->mtr.:*taK'ie wiL^l 
:ompuL »--based techndU>. v Their ;:if?gr^ted- 
:ircuit (arid circuit-boa^ 'ign i^ppiicaticns 
/vercv furidarneritally U.o U^mensional, and 
:hcrcfdre well-suited to early CAD. Also, the 
jrdwirig cdmplexity of integrated cjrcuits 
Tiade computer assistance in_design increas- 
rigly necessary; manual design would require 
jxdrbitarit amounts of tjme^ and mOTipower. 
'Kridther early commercial application was in 
:wo-dimensional drafting for mechanical 



During the 1970*s, imprdveriierits in boft- 
ivare for twch and especially three-dimensional 

AD fueled a riiarket exparsion into mechan- 
cal and mapping as well as architecture, 
mgirieeririg. arid cdristruction ( AEC) appUca- 
:ibris. Sdriie df these advances stenimed from 
3c>verrirherit-fUrided efforts, v h?ch emphasfeed 
lordspace arid electronics applications for 
::AD arid the integration of CAD and CAM.* 

Between 1973 and: 19Sl:i:ihe CAD system 
market grew frbm under $25 riiiUidli in annual 
sales to over SI billidri.^ Hardware and soft- 
jvfB re makers entered the CAD market with 
specific applicatidris arid packaged systerns. 
Pirms that eritered trie CAD market to M) an 
applicatidris riiche typically grew by inci eas- 
rig the variet y df CAD applicatiorsjhey could 
serve, Turrikey vendors, who a serabled and 
ristalled systems from componciits^mads by 
varidus sources, also provided trainirigrsup- 
Ddrt, and both standard and custom software. 



*( Jovernnmn I- sponsored programs^ such as the DO D IC AM 
iml N/XSA I PAD progranis, arc described in ch _8._ 

^S^H- Roj?er Itowand. '•MariufacEuring Makes a Move Into the 
•*uture. ■ Automotive New^ inetroit: Automotive News Kxcra. 
Any 23, 1983). Note tHa_t_mqst published saJes estirnates refer 
o - Mrnkev Rv.^toms sales and associf d revenues. 



These vendors, le^ by Computervislon, domi- 
riated the mark^tS^: They were successful be- 
cause their (ktstomepe lacked the technical 
sophistication J:q assemble then own systerns - 
(but knew when a turnkey systern would work 
^for them)^^d because Itheir typical reliance 
on external sources for hardware and other in- 
puts jdlowed them to incorjporate new tech- 
nology relat&eiy quickly. Aqpordingly, in ad- 
. ditjpn to system vendors^ the C AD industry 
^ewsto include groups of hardware aigjhipft- _ 
ware producfers serving both turnkey fii^s * 
and users directly'. ^ 

Duririgthe mid-to-late 1970^s, the Japafiese 
arid Europe^ markets (especially those 'in 
England. Fran^.'Swedln, a^^ grew 
rapidly, and markets in less developed eaun- 
tries beganip emergeJprrnarSy for mapping , 
applicb^Jons).,LJ.S^flrn^dormnatfed^ CADl^ 
market, both within ^e United St&tes ancT^ 
abroad^iargeiy because of their perceived soft-, 
ware and svr^iems engineering strengths. 



Recent a-iG Conteixtporary^ ' " • ' 

The size df the jvorldwid^ , 
curreritly about $1.6 billion in annual sales.^ 
Five U.S. veriddrs'als.. nt fo^about 80 percent 
df the market.' although many firms have 
eritered the CAD m rket recently and others 
may soon enter. In total, there are perhaps 100 
vendors ^oday . Table^6 shows recent market 
development as a. function of applicatibri. 
Table 57 shows'^ccent i narket share estimates. 

The currerit CAD market contains segments 
distirijuished by type of computerization: 
^e, niimcomputer.^d microcomput- 
>.tion. From this perspective, rhain- 
. ' ^^d systems are thf! most sophisti- 
^' <} : ' OComputer-bEised systems the feast. • 
The market caii also be segmented by_ disci- 
pline of appjication. aitnough there is-sjjbstan- 
tial overlap nmong disciplines: mechanical 
(e.g.. design of componen- Tor future fabrica- 
tion); electronics (e.g. wirinj. pririted circuit- 
board design, integrated cir'::uit design); arid 

/'Thomas Kurlak,_\'CAp/CAM:_R^^^ and Outlook.'' Mer- 
rill-I.ynch Capital Markets, October 1983. 
Mbid. 
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Table 56. — Estimated World wide CAD Market rTurnkeyJ by Applicatidh 

(dollars in millions) 

Percent Percent Percent Est. Perce.nt 

JI980^ - growUj t98j growt^u 1982 - growth 1983 growth 

Mechanical .. ........... . ,T $235 4-^4 $380 +62 $ 460 +21 $ 552 +20 

Electronic 177 +81 235 +33 310 +32 430 -+39 

Architecture and engineering .. 87 +50 138 +59 210 +52 335 +60 

Mapping;;::;:;:;:..;:::..... 13 +128 11.1 +52 154 +39 190 +23 

Other —20 +11 __30 +50 73 +43 93 +27 

Total . .-; . . .-; - 592 . ^ +77 894 +5 1 $1.207 +35 $1.600 +33 

SOURCE Thomas P Kurlat«, Merrill Lynch Capital Markets. 



.Est, Percent 
1984 growth 



$ 825 
645 
485 
240 
140 

$2,335 



+ 49 
+ 50 
+ 45 
+ 26 
+ 51 
+ 46 



A^C (e.g., piping, architectural drafting^^ 
chanical applications, especially those using 
3-b modeling, tend to be more complex than 
the others. The so-called Jugh end of t mar- 
ket involves larger computers and more so- 
phisticated software, sold aa systems costing 
several hundreds of thousands of dj)llars. Soft- 
ware alone may ^mourrtT to anywhere between 
25 lo^Sb percent of system cost. The low end 
is comprsed of workstations and simpler soft- 
ware packages. These systems are available 
for under $10O,DOD^and some (based dri Ap- 
ples and other small computers) cost as little 
as $10,000 (or lessl* One comniercial study has 
estimated that sales of CAD systems costing 
under $100,000 will grow from the 5 percent 
share of total C AD sales reached in 1981 (580 
systems^ valued at $36 million) to 20 percent 
by 1986 (10,600 systems valued at $544 
million).^ 

Two changes in computing hardware have 
had a big impact on the GAD industry. First, 
in the late 1 970^3, the introduction of 32-bit 
minicomputers i with virtual-rhembry operat- 
ing system^h offering imprbvemeht over the 
16-bit standard, changed the cbi^petitive rank- 
ing within the industry and broadened the 
market. The first firm to offer 32-bit CAD sys- 
temSv Intergraph, increased its market share 
significantly. More importantly, the increase 
in computing power made minicomputers com- 
jpetitive with mainfranies across a variety of 
CAD applications, such as simulation and 

"For example, the CAD-t package for use with Apple Com- 
puters, designed for architects and eh^heers, is available for 
about Sl.ddd. (Bob Schwabach. "Cbrnputer paints a pretty pic- 
ture." SL Paul Dispatch, Nov. 16. 1083.) 

- 'Eric Teicholz and Peg^ Kilburn. "Low-Cost CADD at 
Work," Datsm^ation, Jan. 1983: 



solid modeling. This deyelbpmerit opened the 
market to custbrriers whb could not have pur- 
chased mainframe-based systems. 

Second, the introduction of low-cost, trdcf o- 
computer-based CAD systems in 1981 ^Iso 
broadened the CAD market. While these CAD 
systems— generally stahd-iQbhe works tatibh 
units—are less powerful than systems with 
larger computers, they make basic CAD avail- 
able to a larger group bf custbmers; ihcludirig 
small raahufacturers and, particularly, AEC 
firms. Micrbcbmputer-based systems have 
thus enlarged thepbrtibri bf the CAD market 
serving horirnariufacturirig firms, potentially 
increasing the bverlap between CAD and other 
cbrnputer and computer-graphics applications. 
One study has predicted that the installed 
base bf microcomputers and workstations for 
scientific and engineering applications wiU 
grow from tinder 9,000 units in 1983 to more 
than 275,000 in the next 10 years. Others an- 
ticipate even higher growth rates. 

Although hardware is the largest cost ele-. 
ment for CAD systems, current competition 
in the CAD market centers bri sdftwaf e. This 
is because sbftware detentlines what a system 
can db, while hardware lar&ely deterrnines how 
fast a task can be done. Moreover, because 
CAD system vendors deliver up to 50(3 to 600 
systems a year, it tends to be uneconqmical 
for them to produce their own hardware:* In- 

'"See "CAE Terminals in-Demand"' Coraipotenvor/d, May 23. 
1983. Another irn port ant hardware development is the grow* 
ing use oLraster disiJlay ternndnjds. 

♦Compfl tervisi on has been an exception l it has produced its 
own CDU^ although it has recently decided to buy and resell 
large IBM cdrhpiiters— and it aliso markets- Sun J^icroay stem 
work_statlons._S€€: Ed Scarhell. "IBM CAD/CAM Thrust 
Linked to Remarketers," Computerworld, Aug. 22, 1983. 
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Table 57.— Estimated Turnkey CAD Market Shares 

















1983 






— 1580 -Percent 


4981^ 


Perce rU 


1982 


Percent 


(est.) 


Percent 


CdmpUlefVisidn 


$191 


32 


$271 


30 


$ 325 


27 


$ 395 


25 


IBM 


71 


12 


145 


16 


225 


19 


340 


21 


Inlerflraph 


. . 56 


9_- 




id 


-„„156- 


......13 - 


246 


15 


Calma-G.E 


62 


10 


100 


It 


140 


12 


195 


12 


AppJIcon-StB . 


68 


11 


84 


9 


96 


8 


100 


6 


McDdfihell Dduiglas AUlb . 


14 


2 


35 


4 


46 


4 


60 


4 


AutO'lrol Technology ..... 


51 


9 


48 


5 


44 


4 


49 


3 


Other* ...... ...... .... . . 


79 


13 


12b 


13 


175 


14 


215 


13 


Totals 


. $592 


100% 


$894 


100% 


$1,207 


100% 


$1,600 


100% 








+ 51% 




35% 




33% 





^Control Data, Prime. Digital Equipment. Data Generat, Sanders. Ge;ber Sciontlfic. etc. 

Note: Control Oat j.rfivtnues ostlmatiidat $61 mllllori-lbF-1982, $76 mltlion for 19B3. $106 milllbri fbrJ584; Service estlmatod 
at 60% tor 1983. 40% for 1984. Turnkey sales ($30 million for 1983) from workstations and 800 series. 



SOURCE; Thomas Kurlak. Merriii Lynch Capital Markets. 



Estimated Turnkey CAD Market Shares 




1980 1981 1982 1983E 



NOTE; Control data revenues est I rnated at $61 mil for 19d2, $76 n^'l 7pr^A983._$ip6 _"l'l''On for 1^984. Service estimated at 60''''o 
for 1983. 40% for 1984. Turnkey sales ($30 mil for 1983) from workstations and 800 series. 

SOURCE; Thomas Kurlak. Merrill Lynch Capital Markets. 
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stead, they rely bri a few mass-prdducirig hard- 
ware vendors for their eqUipnierit.* CAD ven- 
dors' contributions to the product cbrrie from 
software development, systems integration, 
applications engineering, and other support 
activities— they produce services that accdm- 
psuiy the goods they sell. The costs of repli- 
cating software, compared to hardware, are 
hegHgible. The principal fixed costs born by 
turnkey vendors are for R^D and for software 
development, which may range from tens to 
hundreds of thousands of dollars. R&D tends 
to run at IG to 12 percent of sales for major 
CAD vendors; this compares with an average 
of about 8 to 19 percent for major firms in the 
data-processing industry.** 

A variety of firms have entered the CAD 
market or expanded their involvemeht thrdugh 
merger and acquisition, product licensing, and 
product innovation. Many cdniputer vendors 
feg., DEC^Speny Univac, Honeywell, Harris, 
Prirne, Data General, Perkin-Elmer, and Hew- 
lett-Packard) have entered the CAD rnarket, 
often by selling systems with software li^ 
censed from other firms. IBM, for example, 
offers its hardware with Lockheed *s CAD AM 
software; it has recently moved to provide its 
hardware thrdugh other software developers 
acting as so-called value-added remarketers. 
Large diversified companies (e.g., GE and 
Schlumberger) have also entered the CAD 
market, principally through the acquisjtion of 
smaller CAD dr softjvare firms. GE, for exam- 
ple, bought Calrna; Schlumberger bought Ap- 
plicoh. 

In addition, independent software suppliers 
have proliferated t . meet special applications 
needs and to meet the growth ih demand as- 
sociated with the spread of micro-based sys- 
tems.** Gne group of specific applications 
served by software firms is computer-aided en- 

_ *The Digital Equipment Corp; VAX line has been particu- 
larly popular for CAD systerhs, 

- "Perisdhal cdmrriuhicatibn Terence Carleibn, analyst. Kidder. 

Peabody & Co. 

**The_m_arket research firm IDC estimates that mrnnal^Ses 
of micriDcomputer software overall will -grow from $965 rhillidh 
in 1982 to nearly $7:5 billion in 1987, Independent firms now 
supply about 50 percent of that_software. and thejr .share may 
grow to 57 percent by 1987. Computerworld, March 14, 19$3: 
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gineenng. in this area, MacNeal-Schwendle^ 
Corp. and Swansj)n Analysis offer widely used 
finite-element analysis packages (MSC/Nas- 
tran and ANSYS, respectively). Such specif- 
ic applications software is typically supplied 
as part of^ system packages, or sold directly 
to users. Software for microcomputers, how- 
ever, tends to be sold ih higher volumes and 

at lower costs, using networks of distributor-S 

arid dealers. Other.parUcip.ants-inih^ 
CAD-rnarketiricliiae producers of such related 
iteriis as docurheritatibri and mierbfilrh geher- 
atprs. These items have come into demand as 
CAD Users deyeloped or perceived newjneeds 
associated with CAD. At least four technical 
publishing cdrripariies, for example, started up 
during the first half df 1983 alone. 

A^grbwing but hard-to-measure factor in the 
CAD market is the participation of CAD users 
who have developed their own systems— al- 
though their role remains^ smaH. External sale 
of internally developed CAD systehis aHows 
users to gain ari additibhal return on their in- 
vestments in software development. Histori- 
cally, users who developed their own systems 
did not enter the CAD rnarket for several t^S- ' 
sons: Their applications tend ^b be highly cus- 
tomized; it is difficult arid costly tb prepare 
for external marketirig; arid users riiay prefer 

retain their systenls to enhance their own 
profitability. Lockheed, for exariiple, fbund 
meeting divergent market needs to be a ma- 
jor challenge during its first 1^ years selling 
CADAM. IBM is known to have develoj^ its 
own CAD software, but markets CADAM 
software instead (it also markets less 
sophisticated software of its own design). 

Ford recently decided tb market, through 
Prime Computer, a 3-D wire frariie design and 
drafting systerii it developed and has used for 
the past 10 years; it generalized the system from 
automotive applications to design of struc- 
tures, mechanical components, arid systerris.^^ 
And Ghrysler plans to develop with Coritrbl 
Data advanced mechanical CAD arid CAM 
software^ which Chrysler would use for vehi- 
cle design and development and Control Data 



"ComputerworJd, June 6. 1983. 



B91 



276 • Compuierized WanutaciurmQ AmomaXVoVi: Bmploywent, Education, and the Workplace 



would market as part of a line of computer 
goods and services.'^ Other user-jroducers in- 
clude Mcbbhhell Douglas (Unigraphicsj, the 
French firm Dassault (CATIA), and Northrop 
(NCAD). 

U.S. firms continue to dorhihate both U.S. 
andjoreign markets for CAD systems. Ninety 
percent of the U.S. CAD market is served by 
U.S. firms.^' Major CAD vendors operate over- 
seas facilities to serve foreign markets. Inter- 
graph, for example, has a customer support 
center in the Netherlands that serves custom- 
ers in Europe arid the Middle East. The cen- 
ter carries but repair, training, and other cus- 
tomer support activities. U.S. CAD systems 
are generally sold in Japan through Japanese 
distributors. ^5 

The international market appears to be ex- 
- periencing a substantial degree of internation- 
al merger, acxjuisitiori, arid especially licens- 
ing activity^ Eurbpeari firnls have developed 
important CAD sbftware,_ but Europe lacks 
significant suppliers of CAD hardware. Con- 
sequently^ Eurbpeari software has been H- 
censeito U.S. firrtis (e.g., Evans and Suther- 
land, Prime, Cdniputervision) that package 
CAD systems^ arid U.S. firms have purchased 
^^reign cbriip ariies. For example, Evans and 
Sutherlarid bought Shape Data (United King^ 
dbmj, arid Computervision bought Cambridge 
Interactive Systems (United Kingdom) and 
Gradd (West Germany). Such ''eross-fertiliza- 
tidri * is a typical means of entry into foreign 
riiarkets. 

The Japanese rdle in the CAD niarket re- 
mains limited arid focused on har^dw^e. Jap- 
anese vejidbrs tend to be computer firms, 
rather th'ari turnkey companies; they seU sys- 
tems prbvidirig American software under li- 
cense, although they are developing their own 
software internally and through a govern- 
riierit-sponsored consortium. 

.. . ; / 

•'••Control Data and CHr>sier to Make Software;" AutomoUve 

iVevi^Dec; 12. 1983. 

'*OTA Autbmatidii Industries Workshop. 

'*Jack Thornton and Tsukasa FHmikawa.;'GE. Japanese Plan 

Automation Venture." American AfeCaJ Martcet/Metalworking 

News, Nov. 1. 1982. 



tikely Gharige 

The CAD market wiH remain relatively dy- 
namic for the next several years. Industry 
analysts predict that it will grow at rates 
between 3d and 50_perceht per year; some 
forecasts for the GAE sub-market antici- 
pate even higher rates of growth. While indus- 
try spokesmen believe that mdst of the For- 
tune 506 companies already Use CAD, growth 
wiH come from both existing and new custom- 
ers. Factors such as expected improvements 
in syjstein capabilities, especially for 3-D 
modeKng; greaterfcase of use; and reductions 
in costs, for given capabilities will widen the 
range of customers by size, industry, and ap- 
plicatibii area. These trends wiU create new 
niches arid aridllary-product markets, and 
they will change patterns of conipetition. Most 
arialy sts expect that mechanical applications 
arid CAE systems wiU become more prom- 
irierit in the CAD mar^lcet, reflecting both 
technological development and the expected 
spending growth of mmiufacturers^s they re- 
cover from the recent recessions. One source 
expects that mechanical design will comprise 
about half of CAD applications, and that CAE 
will account for about 20 percent bf the work- 
station market, by 1987.^* Mapping arid facil- 
ities management applicatibris are also ex- 
pected to grow, serving gbverririient, utilityv- 
and natural resource develbpriierit customers. 

CAE has been a major factor in the grbwth 
bf the custom microchip market.^- Expected 
growth in the mlcrochf -) market overall arid 
the custom share wiH spur CAE sales. In the 
mechanical area, future use in forgihg-die de- 
sign, for example, will be encours^ed by^ an Air 
Force project to develop a generic forging-die 
CAD/CAE system for aerbspace applications; 
The project involves a cohsbrtium of firms.^^ 

While the market is expected to g^ow rap- 
idly, the number of vendors may stabilize br 



'*"1987 CAD Market Estimated at$6.9_Billion." American 
MetalM^ket/Met^^^^ 5. 1983: 
"Bohdan O. Szuprpwijcz, ''^Microelec^^^^^ Showing 
Massive Growchi] Comput^_rworld,_Dec. 5. 1983. 

'"Bnice Vei riyi. • SHaitz Steel Selected by Air Force to De- 
velop Forging Die CAD System^" American Metal Market/ 
Metalworklng: News. Jan. 30. 1 984. ' 
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fall. Cbhsolidatibri is beeurririg already, as 
both turnkey firms and cbmputer eompahies 
acquire software houses and expand their bf- 
feririgs. Computervisibri, for example, recent- 
ly arranged tb buy the Organization for In- 
dustrial Research, a privately held CAD 
software firm with strength in grbup tech- 
holdg^^. IBM's growing ihvblvernent in the 
CAD market, particularly at the high end but 
potentially in Idw-cdst systems, is also likely 
to promote consolidation. 

One trend that may affect sales, is the 
grbwth in firms offering CAD services and/or 
rplated facilities to manufacturers, usually 
small cbmpanies which cannot afford CAD oh 
their own or cbmpanies bf any size that can- 
not meet extrabrdihary needs. These busi- 
nesses resemble cbmputer time-sharing serv- 
ice bureaus that provide geheratpurpdse 
computing services. Danly Machine Cbrp., fbr 
exarriple, will sell CAD services through its 
CAD/Share Service Center tb autorribtive sup- 
pliers. In particular, it will provide authbrized 
tool and part vendors with cbmpUterized de^ 
sipm data to enable them to Use CAD in bid- 
ding for contracts ^d perfdrming design and 
production wdrk fdr the Buick divisidn df (jM. 
It will also provide CAD training and con- 
sulting services.'^ 

Sbme CAD service bureaus provide ebrhple- 
mehtary mahufacturihg services." Fbr exam- 
ple, Carnax Systems, Inc., sells time bn com- 
puters to cUstdmers designing prototype tbbls^ 
which it will alsd rnanufactUre for them.^° NCR 
arid Cdntrdl Data Corp. have developed ah 
electrdriic CAD design center that allows in- 
tegrated circuit makers arid systems houses 
to design at engineering wdfkstatidiis, have 
access to a supercomputer, use semicustdm 
circuit cells,'/ check circuit perfdrmance, and 
arrange for chip fabrication.^' 

As the installed base bf CAD systeras 
grows, the rble bf vehdbr services (e.g., sbft- 

'""Dariiy Sets Up CAD/CAM Office for Auto Industry." 
American Metal Market/Metal working News, Nov, 7. 1983j_ 
_ '"*Tirm Sells CAD/CAM Computer Time to Clients." A /ner- 
ican Metsd Murket/lifetaj working News^SGpt, 26, 1 983. 

•'See CAE. November— December 1983. 



ware updates, related trmning) wiU grow; This 
grbwth will reflect in part the ^owth in sales 
to smaller firms, which traditionally buy a va- 
riety of services they cannot afford to perform 
themselves. Already (although in part because 
the recessibh damped new system sales) Gom- 
putervisibh has seen its share of revenues from 
services tb existing customers rise signifi- 
caritly in the last few^years." Also,^GAD ven- 
dors cbhtacted by OTA appear tb be ihereas- 
ihg their effoHs in the area of training, 
correspbhdirig in part tb grbwth br change in 
software offerings. The growirig rble of serv- 
ices parallels the experience in the cbmputer 
industry, where service activities and their 
propoftiohal cdritributiori tb revenues in- 
creased with the spread df cbmputer systems. ' 

The extent to which GAD vendors will ad- 
dress the broader problems of computer-based 
integration b£ manufaeturihg is a key uncer- 
tainty for the future bf the industry. Gorhpared 
tb bther types^ bf firms,_espeeially industrietl 
machiriery yehdbrs, CAD vendors jnay be es- 
pecially well-pbsitibhed tb link CAD to CAM. 
The design-tb-prbductibh chain begins with 
CAD, and CAD firms are already developing 
systems for rriddelirig production activities 
and communicating prdductidn iristructidhs tb 
other equipment. CdrripUtervisidn, for exam- 
^ler^ffers-systems-thirtrp^ 
tools, robots, and codrdinate-measuririg ma- 
chines; design and rnodel manufacturing cells; 
design tooling, molds, and dies; and peffdrm 
Gomputi^r-aided process planning. It offers 
multifunction systems, such as a system for 
plant design, engineering, constructidn, and 
management. iMme Computer will market a 
British cqmputer-mded^proces^ planning sys- 
tem which can Be integrated wth CAD; while 
MeAuto purchased insight Technologjs whic 
developed a CAD system terminai that can be 
linked tb NC machine tools. 

As the above examples suggest, many ven- 
dors are broadening their lines through acqui- 
sitions. Also, some vendors are develdpihg 



"Jack Tbomton. "Turnkey CADv/CAM Producers Confront 
a Difficult YeW,''AmeHcah Metal Market/Melalworking News, 
Jan. 3. 1983. " 
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their own software to facilitate CAD and CAM 
links. McAuto, for example, is developing ex- 
pert systems for evaluating robot system con- 
figuratidris." 

Some vendorsje.g., Apollo) are moving away 
from dedicated CAD terminals in favor of gen- 
eral-purpose eh^eerihg/prbfessidrial worksta- 
tions. These workstatiohs would accommodate 
not only drafting arid design, but aJisq_re- 
search, software development, and "^office 
automation" furictidris; they would thus^facil- 
itate shifts in custdmer activities and software 
preferences arid lower the risk of hardware ob- 
solescence. Multifunction workstations could 
facilitate riiariufac taring integration, especid^ 
ly when cdriibiried with sophisticated data 
cdriimunication systems linking engineerings 
prdduction, and general corporate databases. 
An alternative approach is to^market low-eost, 
dedicatcid CAD workstations which can be 
linked td mainframe computers for other func- 
tidris that use a common database. Some an- 
alysts expect sales of such low-cost microcom- 
puter workstations to grow at the expense of 
minicomputer-based systems, a development 
that could pose problems for turnkey veridbrs.^^ 

_ For other CAD vendors, the term '/C AD/ 
CAM veriddr" will continue to be misleacHng, 
_siriceJJieir_pirxSlu_c^^ only design or 4-aft- 
irig purpdses. Because a market for basic CAD 
will remain td serve small manufacturers and 
ridririianufacturing customers, the division of 
the market between smaH, **niche" firms arid 
Idw-cost CAD firms on the one„hand, arid 
large, integrated sysleni-oriented firms bri the 
other is likely to deepen. Alao,iirms riot seek- 
ing to inCe^ate CAD and GAM riiay be sub- 
sumed by the Im-ger business graphics market, 
depending on the complexity bf their sj^sfeenis. 

Iriterriatidrial competition and trade trends 
for CAD will depend on how CAD products 
arid riiarkets develop abroad acid whether pro- 
tectidnist measures are invoked.* A riiajor un- 

"Uaufi Griesen. •'McAuto Working tp_AddPyna^^ 
eters. Expert Systems to_ Robot Programming Software.'* 
Amencan Afetal Market/Met;MworMng News. Dec. 26. 1983. 

"Thomas Kurlak. 'VCAD/CAM: FdUow-Up tdX)pinion on 
ehanges." Merrill Lynch Capital Markets. De^^ 1983. 

♦For example, a Norwegian firm., Kongsberg. is doing very 
well in the European CAD market. 



certainty is the future rdle df the Japanese in 
the GAD market. The delayed entry of Japm 
into this market msJ^es it hard to fq^r^ 
anese cdmpetitidh in CAD, although there are 
how major efforts under way InJ^apm to de- 
velop CAD software and Japanese companies 
are actively involved in producing graphics 
peripherals (e.g., displays, printers, ahd^plot- 
ters). However, the Japaneses could coriGen- 
trate oh gaining benefits froni the_use of so- 
phisticated CAD systems In designing, inte^, 
grated circuits and other products, rath^ than 
from the the sale of CAD systems. 

Numerical Control and Flexible 
Manufacturmg Systems 

History ^ ^ 

Numerical cdhtfdl (NC) is the oldesj: of the 
prograirimable automation technologies and 
niarkets. DOD underwrote the development 
df the technology in the 1^^^^ and 
required its use by principal aerospace contrac- 
tdrs, thereby assuring the launch of NC pro- 
duction. It also fostered the adoption of APT 
as the standard NC programing language, 
and it continues J;b purchase machine tools 
through prime contractors as part of the pro- 
curement process. 

The NC market is a subset of the broader 
machine-tool market, which contedns^^^ prin- 
cipal diyisidns: metal-cutting; machine tools 
(e.g., lathes, and boring, mjling, and grind- 
ing macWnes~Sie_354i j aad metal-forming 
machine tools (e.g., presses, ^d boring, punch- 
ing, shearing, and ben^ng machines— SIC 
3542).* However, the market for NC machine 
tools can be treated separately from the over- 
all machine-tool market, iiiasmuch as custom- 
ers do not consider NC arid cdriventidnal ma- 
chine tools to -be alternatives.** This has 
been increasingly the case: As NC technology 
has improved, as the cost df cdntrdls has 
faHeh, as computerizatidri has Improved, aiid 



♦Other ccrhpbheiits df the machine tool industry include 
makers of sj^cial dies, tools, jigs iarid fixtures {SIC 3544}; 
machine-tool Accessories (SjC 3646j other, hdt-el sew here* 
classified raetalworkin^ machmeo^ (SIC_3549j. 

♦♦Note thaf-avaitable data do not always make, clear what 
pertains to NC production and what to machine tools overall. 
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as applications have grown more cdmplex arid 
costly, many machine tool buyers have cdrile 
to prefer NC equipment to conventional equip- 
ment. Also, customers have grown to under- 
stand how and why NC and conventional costs 
differ, becoming more willing to bear the 
higher initial cost of adopting NC.* 

The **riiachirie^tc)bl industry" has histbrical- 
ly referred to builders of machine-tool bodies.** 
The high cost of develdpirig cdritrdllers (esti- 
mated to be between $1 millidri arid $5 rnilliori) 
and the tendency for cbritrdller edst td fall with 
high-volume production gerierally deterred 
niachine-tool builders from building their own 
controilers. Instead, they bought controllers 
from firms serving both machine-tool builders 
groups of customers. In 1981, 22 
companies made positioning-type (direct data 
entry) NG controls,_l 6 companies made contin- 
uous path-t)^ jcomputerized data entry) con- 
trols, and 23made dial or plugboard-type con- 
trols.^ Shipments^ jn 1982 exceeded $192 
milKoh; 1981 shipments exceeded $273 mil- 
lion.^* 

The machine-tool industiy has had a large 
number of firms, given the srilall sales vdluriie 
of the industry. Many of these firms are smaU. 
The 1963 Census of Manufactures counted 
1446 companies with 1,167 establishments, 
only 415 of which had 20 ^r more employees. 
The 1977 Gensus of Manufactures counted 
1,343 establishments, 469 with at least 20 
employees." More recent data indicate that 
there are 1,285 companies with 1,345 estab- 
lishments, two-thif ds of which have fewer than - 
20 employees.— The-20'lSgest companies ac- 
count for 55 percent of industry shiprhehts; 
the 50 largest account for 75 percent.^' 



♦In some cases castoisers retrofitjpr rebuild older machines 
to-add NC Capability; this is usually cheaj^r than buying hew 
NC equipment. However, machm perforaieunc^ tends to be low- 
er Jji an that _piwjd^^ 

♦♦However, machine tools are often sold by nonmanufactorer 
diatfibutors: _ _ 

"U.S. Department of Commerce. Report No. MA-36A. 

"NatiohaJ Machine Tool Bui|_der^^^ 1983'84 Hand- 

book o f the Machine Too) ind^ 

"Eii tustgarten. Vice President, Paine, Webber, Mitchell, 
Hutchins. persdn^jCdmmuhicatidh. 
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Because NC Hardware was relatively expen- 
sive, and because its use required access to 
cdmputers arid special support personnel, 
tf airiirig, and rriairiteriarice, early prbductibh 
and Use of NC was cdricerit rated aihbng rela- 
tively large firms. Although some smaller aer- 
ospace subcoritractdrs did adopt NC in the 
196d's, small firms were very slow to adopt 
' NC. The diffusion of NC accelerated in the late 
1960's. Between 1964 and 1968, unit ship- 
ments of (U.S.) NC machine tools virtually 
doubled; although unit shipments fell briefly 
in the early 1970's, they about doubled again 
in the period 1968-78^ and rose over 150 per- 
cent between 1978 and 1981.'« During this pe- 
riod, the varjety of NC equipment also grew. 
Sales of NC machining centers (multifunction 
machihe tools made possiWe by NC technolo- 
gy and the advent of automatic tool changers) 
grew by over 306 percent between 1970 and 
1980.2^ Nevertheless, by 1978 only 2 percent 
of machine tools in use were numerically con- ' 
trollediby 1983, that proportion wSs 4.7 per- 
cent.^°'» 

Meanwhile, growth in demand for indu st rial 
eqtdpment feU overall in the 1970 's compared 
to the 1960 'sj ^^_th®_^®l^t|y^ importance of 
machine tools i^ particular also declined. Key 
rhetalworiong: markets grew slowly or shrank 
in the 197S'b due to changes in customer sedes 
patterns; closing of less efficient factories, 
and increased offshore production. Although 
bbdinirig investment by commercial aerospace 
arid automobile mdustries caused sales to — 
surge iri the late 1970's, the principal machine 
tool buyers were the dominant firms in differ- 
ent metal working industries, who could afford 
major mdderriizatiori efforts.^^ The decline in 

"Natjqnai Machine Tool Builders Association, J 955-54 Hand- 
book of the Machine Tool industry, aiid U:S. Departiheht of 
Commerce; -lat^sf data are ihcbmplete. to avoid disclosure. 

'^NatidhaJ Machihe Tool Builders Association. 1983-84 Hs^d- 
^oqk of the MaMne^ 

**''fh_e 13th American Machinist Inventory of Metalwdrking 
Equipment IBS3^\' AmediW^ Machinfst, Ndveiriber 1983. 

"National Machihe Tool Builders Association. 1983-84 Hand- 
book of the Matchine To^^^ 

"QaiTy J' Schlnasi. "Business Fixed Investment: Recent De- 
ve lopme n ts and du tlook. * * Federal Reserve Bulletihr^ vol .69. : 
January 1953; Johii Duke and Hbrst Brand. "Cyclical Behavior 
of Productivity In the Machihe Tool Industry." Monthly La" 
bor Review, November 1981. 
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the machihe^tbbl prbpbrtidn of total expendi- 
tures for equiprrieht appears to be due in part 
to the increase in productivity of individual 
machine tools (reflecting improvements in cut- 
ting tools arid bther changes as well as the im- 
plementatibri bf NC and CNC); productivity 
improveriierits allow customers to bSy fewer 
(albeit sbmetimes more expensive) macfiihes 
to db a given amount of wor^k. Th^ 
the machirietool proportion also reflects changes 
in prbduct design and composition that lower 
the amount of machinlngperformed. The long- 
term market decline exacerbates the impact 
of import competition;^ ij; also makes sales tb 
smaller firms and other new categories of cus- 
tomers more important. 

The development of CNC, which essentially 
built cbmputer capability into the machine 
tool, made NC techridldgy more accessible to 
smaller firms. However, while the CNC market 
grew during the 1970's, major U.S; producers 



tended to neglect the small-firm rriarket. This 
happened because the Isu-ge-firrii mju-ket was 
strong during the mid to late 1970% Also, 
small firms were cbrisidered relatively Unre- 
liable customers, particularly sensitive to 
machine-tool market cycles arid lacking in 
technologicEil sbphisticatibri. 

During the 1 970 's,^ the Japanese increased 
theu- share of the U.S. NC machine-±ool mar- 
ket. They quickly dominated the U.S. market 
for small NC lathes mid machining centers jseg 
fig. 28). The import success of the Japa- 
nese has been attributed to seversd factbrs, 
inciudihg: the inadequacy of dbriiestic capac- 
ity (which has led delivery times tb rise tb be- 
tween 1:5 and 2 years), the Japanese strategy 
of concentrating bri selling a few products 
to assure competitive advaritage,* arid favor-- 



*By focusing on a few^products, Japanese proclucers gained 
scale economies, allowing more flexibility in pricing. 



Figure 28.— Machine Tool Imjsbri Trends 
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able exchange rates, which gave the Japanese 
a price advantage relative to IJ.§. Snns. Other 
factors, discussed below, include the slowness 
of U.S. machine-tool firms to adopt new tech- 
nology find differences in U.S. and Japanese 
market characteristics (and related govern- 
rheht poKcies). 

The U.S. machirie-tbol industry has histori- 
cally been slow to adopt hew techriolo^. 
Because of relatively low levels of capital iii- 
yestment, the average age of equipment used 
in the machine tool-producing industry has 
been relatjyely high and the level of equipment 
sophistication relatively low. Old equipment 
appears to be a factor in the poor productivity 
performance of the industry in the past (pr> 
ductivity growth in machine tools peaked in 
1966, subsequently declined, and rose again 
in the iate i970's).33 The 
try has tended to rely n^re on skilled labor 
than on advanced equipment in production. 
Tliis pattern developed because of the com- 
plexity and low production volumes of ma- 
chine tools; the proininehce of small, small- 
batch producers with limited ability to invest 
in new equipment; and the high levelaof finan- 
cial risk in the industry.* The machihe-tbbl 
business is cohsidered fihahcially risky 
because of its sensitivity to changes in the 
business cycle and in the. buying patterns of 
major custdmer groups including DOD, other 
equipment producers, and makers of cbhsumer 
durables. Prior to the recent pair of recessions, 
business declined severely for the industry in 
1956-58, 1969-71, and 1974-75. 

Cbaracteristics of the U.S. NG industryLrhay 
have uhderrhihed its cbmpetitivehess. Three 
diihehsibhs for cbrriparisbh are ihterfirm cbm- 
municatibh, relative specializatibh, and atteh- 



_ "John Pulce and Horst Brand. "Cyclical Behavior of Produc- 
tivity in the Machine Tool Industry," Monthly Zahor Keview\ 
Navember 1981. _ _ . 

*0n the other hand, some critics of the industry— in particu- 
J^^Pstjry leaders— charge Jihat mana&ement became 
overly interested in new technology. David, Noble, for exam- 
ple, argues that the machine-tool irsdustry has suffered from 
•'unreasonable techhic^^ enthusiasm and a shift away from the 
s^PP.^'^r A^ a rep^^^^ of ihnoyatiye and practical ideas 
tpw ard the _ Labpra tories_ . . . ' '_ David Nob j e, * 'An Out sider 5 
View of Machine Tool Industry_»'J AmericBn Metsl Market/ 
Metal working News, Aug. 8, 1983. 



^ . 

tibh tb small firms. Accbrdihg ta sbrhe ana- 
lysts, cbmpal-ed to Japanese firms, U.S. 
prbdiicers bf rriachihe tbbls, cbhtrbllers, and 
sernicbnductors have hbt cbmmunicated well 
with each other. To iitiprbve the itlatch be^ 
tween machine tools and cbritrbls, majbr ma- 
chine-tool builders attempted to produce the^ 
own controllers dunng the 1 970 's; most failed 
to do so successfully. In contrast, Japanese 
producers of serniconductors, controllers, and 
machine tools aj^pear to have communicated 
well, and they have^articipEtt^ in cooperative 
R&D and product development efforts. Cc^^ 
erative jef forts fimd^omm appear to 

have been encouraged by the Japanese Gov- 
ernment (s^ ch. 9).* These collaborations may 
have ebhtributed to their j-apid domination of 
the small machine tool market. 

The different patterns of iiitefactibri ambilg 
firms in the two countries are due, in part, to 
different industrial structures. Japan, the 
niajor producers of machine tools and controls 
are highly g>«ial^^ although they are linked 
aig "independent^' subsidiaries to producers of 
related products. For example, the leading 
Japanese control builder, a monopolist, is also 
linked to related businesses: Fuji, a leading 
electrbnies firm, spawned Fujitsu, a leader in 
industrial controls, which in turn spun off 
Fahuc, a specifiOist in NG controllers. Most 
Japanese machihe-tbbl companies have stand- 
ardized their prbducts tb useJ'anue controls. 
By cbhtrast, in the United States, GE once 
dbmihated the NC cbhtrbl market butlbstits : 
shares tb cbmpetitbrs such as AUeh-Bradley 
because it failed tb keep pace with market and 
technblbgical deverppmerits. (This may have 
happened because GE does hot fbcUs exclu- 
sively on the machine-tool market, bf because 
of bad managerial judgment, of both.) While 
the Japanese pattern of specializatibh may 
have facilitated early production and use of 
NC, its value in more complex areas— such as 



- - ♦ITiey have also been cited in recent industry appeals for U,S. 
Gbverrinierit ihterveiitibh, including the 1982 petition by 
Hoiiciaille tojd^ny investment t cre<jits_to RU^rchasers of Jap- 
aJTiese NC machining centers, and punching jnachines^ and the 
1983 petition by the National Machine Tool Builders* Associ- 
ation for restriction of machine tool impbrtis bh hatibhsQ secur- 
ity grbuhds. 
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tnachining cells or FMS— that draw oh elec- 
tronics and mechanics is less clear. 

Finally . J apanese import penetr ationbuilt 
successfuUy on the unmet demands^of smaller 
firrtis for NC equipment. Japanese product^^^^^^ 
and use of smaUer NC equipment was ri^^^^ 
ly well-established before exports were signif- 
icant. About two thirds of NG equipment in 
Japan is bought by small-and medium-sized 
firms (see fig. 29). Smaller firms Jiave histbr- 
icaUy been a^ocus of Japanese Gbverhmeht 
support and interest (a legacy of the relatively 
recent transidon of the Jap>ahese_ecphbmy 
away from an agricultural base)^ Unlike the 
U.S. Government, the Japanese Goverhrheht 
focused Its support for NG diffusion bh com- 
merciaUcivilian use, especially by srnall and 
medium-sized firms. Alsb, ties between final 
customers and producers appear to be strong- 
er in Japan, another factbr that rnay have 
hastened NE diffusion in Japan. The expertise 
gained by Japanese rnachihe^tbol builders in 
smaller NG ihstallatibhs helped them to serve 
the small-user niche in the U.S. market, while 
the increase in prbductibri volume afforded by 
sales tb markets in two countries lowered 
cbsts. 



Figure 29.^ Breakdown of Japanese Numerically 
ControilBd Machine Tool Shipments by 
Size of End Users rpercent) 
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SOURCE Japan Machine Tool Builders' Association, Reproduced in ;;Machine 
Tool Indusi7' The Long Read lu Recovery" by EuXustgarter^, Pai.ie, 
Webber; Milcheil\ Hutchins, Aug; B; 1983 



Receiit and Contemporary 

The NG industry in the United States has 
become jhbre cbrhpetitive as declining costs 
have allowed rhbre cbmpanies to produce 
equipment for small customers. The fact that 
NG machihetbol builders continue to be larg- 
er, bh average, than rioh-NC firms is a legacy 
of the past, when only large firms could bear 
the expense and risk of NC production. Finan- 
cially, the machine tool industry as a whole 
has been suffering. New orders peaked in 1979 
at $5.62 billion, declining 75 percent to $1.5 
billibri in 1982 and continuing at 19S2 levels 
through the first half of 1983. The decKne of 
orders has been sharper than the previous de- 
cline in 1973-75, and the reduction^in capacity 
utiUzation has been aggravated by the fact 
that capacity had expanded in respbhse tb the 
late-197b's surge in dernand.^^ 

U.S. NC producers have been sellirig higher 
proportions of NC equipment relative to total 
machine-tool volume. By 1 982, NC accounted 
for nearly 35 percent of total machine-tool 
shipments jsee fig. 30). Producers also are 
broadening their product^fferings to include 
not only NC eqmpment aimed at smaller users, 
but also machines for processings other rhateri- 
als such as plastics, as well as flexible rnahu- 
factunng systems J(FMS) which link individual 
machine tools and materials hahdlirig equip- 
ment and are computer-cbhtrblled. 

FMS, as a cornerstone of so-called horizon- 
tal integration of prc^uction, provides a veK- 
cle for machine-tool builders to expand their 
activity in selling integrated progranunable 
automation. These systems also help machine- 
tool builders serve new groups of batch-pro- 
duction customers whose output (10 to 50 
parts^ pet hour) is less than that required^tb 
justify if ansfef fines but more than that which 
single pieces of equipment can handle. Aero- 
space firms appear to be particularly inter- 
ested in FMS. 



'lEli Lustgarten "Machine Tool iTidustiy; The Long Road 
to Recovery," sta*.us report, Pairie Webber MitcheH Hatchiiis, 
Aug. 8, 1983. 
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-Figore 30.— Value of U.S. Shjjamehts of hliimerically 
Cbht^rblled Machine Toils as a Percentage of Vaiue of 
Tota| 0:5; Machine Tool Shipments (for macjilnes 
valued over $1,000 1972 77 and over $2,500 1978 82) 
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SOURCE U S Dep.irtrment of Commerce. ■ 'C urre nt I nduStrial_.Re_p_oj Is. 
Senes WO;35W^^^ Machinery" (quarterly and 

annual summaries) 

Although the market for FMSs is relatively 
small and existing FMSs have been largely ex- 
perimental, machine-tool firms appear eager 
to supply FMSs and even to undeiprice bids.^^ 
The leading FMS vendor is Kearney & TVecker 
(part of Cross^ Treeker), which has sold about 
half of the FMSs installed in the United 
States. Other vendors include Cincinnati Mila- 
crbh, White^Sundstrand, JngersoH Miffing Go., 
Mazak Machinery Co. (Yamazaki), and Gid- 
dings & Lewis Machine Tool Co. 

The association with advanced technolo^ 
afforded by FMS offerings can be helpful to 
producers for marketing purposes. For simi- 
lar reasons^ some machine-toqi builders (e.g., 
Cincinnati Milaeroiand Textf on/Bridgeport) 
are beginning to sell robots. Also^U.S^ firms 
may emphasize '*high-technology" capital 
goods as a competitive strategy, telKng cus- 
tomers that higher prices relative to the Jap- 
anese reflect a technology premium. FihaHy, 
support for FMS development (and purchase 

"As of late 1983, Kearney and Treckef reported abbiit S250 
million worth of propOsala with high likelihood of becoming 
orders. - Machihery/CapiLal Goods Industry: Flexible Manufac- 
turing Systems/* Kidder, Peabody, & Co., Inc., Sept. 30. 1983. 



EKLC 



by^ aerospace firms) is provided by DOD proj- 
ects promoting the design and use of inte- 
grated manufacturing systems. While FMS of- 
fers users the potential for savings in 
production time, direct labor, flddrspace, and 
work-in-process inventory, the number of cus- 
tomers is low because existing systems are ex- 
pensive, require extensive planning arid sup- 
port, and prove relatively difficult to operate 
successfully (at least at first). 

Trade trends, especially imports, remain a 
salient feature of the cpritemporary NC and 
overall machine-tool industries. The U.S. bal- 
ance of trade in machine tools became negative 
in 1977 and has steadily worsened, Japan is the 
principal source of U.S. machine tool imports. 
Other major import sources are West Germany, 
the United Kingdom, Taiwan, Switzerland, 
and Jtdy^ T^he decl^^^ domestic prdductidh 
in 1983 contributed to growth in the percent- 
age of imporj^s relative to 1982 levels, frorii 28 
to about 37 percent for metalcutting machine 
tools euid from 22 to almost 36 percent for 
rriecal forming machine tools. The Japanese 
share of the U.S. market for some machine-tool 
products exceeds 56 percent. It is greatest for 
NC lathes and majrhining centers, which are 
the fasteat growing markets in the United 
States arid abmad.^' Because of the recession, 
Japanese maehine-tobl exports declined sig- 
riifiqpntly from their 1981 pe^ in 1982 and 
1983.^» Various governmeht and trade groups 
are currently exaniining whether the Japanese 
hav^erigaged in unfair compeiition and debat- 
ing whether the machine-tool industry in the 
United States has a special clfdrh to the public 
interest for national security reasons.* 



*'ytS^Pej)artment of Commerce. 1554 Industrie Outlook 
(Washington. D.C.: U.S. Government Printing Office) January 
1984. 

'!See Eli Lustgarteri/'Machihe Tool Industry: The Long Road 
to Recovery," status report, Paine Webber Mitchell Hutchins, 
Aug. 8, 1983.__. 

. J^MarliSfiligoj, **ImpoTts from Japan Falt3," >im4?nca/3 Metal 
Mm-ket^etslwoMhgNews. Japanese Machine Tools Supple^ 
merit, July 11, 1983. ______ 

*T*^^jL^^ti6nal Acaderny of SciencGs, the international Trade 
ConmrnissK)n, the_D of Commerce, and Congress have 

active 'y considered machine-tool industry issues during the past 
2 ye^s: 
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U.S. exports have also been declining, due 
to worldwide recession and to longer term, 
noneconomic reasons. During the late 1970's, 
changes in foreign policy curbed shipments to 
Eastern Europe and the U.S.S.R., while dur- 
in the early i980's, the nationalization and/ 
or government-imposed cbhsolidatidn of ma- 
chine-tool industries ih such cduritries as 
France, Spain, and the United Kingdom have 
effectively closed these exports markets to the 
United States.* 

Some conipanies based abroad have begun 
to produce machine tools in the Unit^States. 
Mazak (a subsidiary of the Japanese firm, 
Yamazakij has estab' 'shed a highly automated 
facility in Kentucky for producirig NC lathes 
and machining centers. Other firms, such as 
LeBlond-Makino, Hitachi Seiki, and Schar- 
mann Gmbh., are only assernblihg foreign- 
designed equipment ih the United States. And 
some foreign firms, such as Mitsubishi Heavy 
Industries and Toyoda Machine Works, have 
licensed machine designs for production by 
^U.S. firms. 

Likely Change 

During the next two decades there may be 
a resurgence in machihe^tbol demand asjjart 
-of a bf oader trend toward industrial modern- 
ization. Several ahfidysts anticipate such a 
trend, since about a third of machlne-teels in 
use in^the United States are at least 20 years 
old.^^ Indeed, recent research shows that older, 
mid western plants are among^ the principal 
buyers of hew machining technology.'" The 
Departmeht of Cornmerce has forecast Tela- 
tively rapid business growth for the machine- 
tool ihdustry during 1984, but it expects 
shiprhehts to remain below the 1982 level.-*' 

*The French program began in December 1981 and aima to 
double Ffenckmachine-tppl production, raising it to about $995 
millibh by 1986: One of the program's goalsjs toLhalve the 60 
percent import p^hetratidn of 1980 by the middle of the decade. 
Amencan MetMJ^arket/MetaJworMDg New^ 25, 1983. 

"**the 13tKAmerican Machinist Inventory of Metalwdrking 
Equipment 19SZ,'\ Amencan Mflc/u'nis^.Npvember 1983.^ 

*<»Johh Rees, et al:, '^The Adaption of New Technology in the 
American_Machiner>' Ihdustry." Occasionsi Paper No. 71. Max- 
weU School of Citizenship and PubUc Affairs. Syracuse Univer- 
sity, August 1983. i V. n ' 

*»**Cbminerce Department Foresees MetaJworking Oains. 
Amencsji Metal MarketmemworMng News, Jan, 2, 1984. 



Structurally, the overall U.S. machine-tool 
industry is likely to continue to contract. This 
shoujd happen because of the persistence of 
heavy financial losses during the early 1980' 
because of the mbvemeht of the U.S. firms 
away from domestic production of hardware, 
and because Jmport cbrnpetition appears to 
have eroded U.S. rnarket share permanently; 
Also, lack of experience in manufactur&g sys- 
tems and liniited capability to develop soft- 
ware are likely to restrict entry into FMS and 
related businesses. It is possible that only the 
largest companies may be able to develop the 
extensive software and electronics expertise 
needed to succeed in the systems market. ^ 

While tfiejtnachine-tool ihdustry as a whole 
contracts, the NQ^hare of the industry will 
continue to grow. This will be hastened by the 
anticipated rapid decline in the cost premium 
of NG relative to cbhvehtional machine tools. 
It win also reflect rnarket withdrawal of small 
and medium-size firms unable to afford to 
mbdexnize their products and facilities. Ih^ 
creasing sophistication of NC products and in- 
creased emphasis on integratjng_Ne equip- 
ment into rnaxiufacturing s^stemsj both of 
which entail an ongoing infusion of computer/ 
electronics technology, may make the future 
machine-tool industry rnore of a **high-techriol- 
o^" industry than it has been. How the in- 
dustry will evolve depends on severaLf actors 
which bear on the competitiveness of J;he in- 
dustry^ such asnew pfaduct and rnarket (seg- 
ment) development and increased efficiency. 

Majbr rnachine-tool builders have begun 
moderhizirig their own f aciUties^ resortihg in 
rhahy case^ to greater use of programmable 
automation. For example, the Wickes Machine 
Tbbl Group, Inc., has arranged to purchase a 
CAD system to help it compete with larger 
firms; Keame:y and Trecker (Eroas &Trecker) 
is installing one of its own FMSsj Brown & 
Sharpe Manufacturing Go. uses CAD to de- 
sign new products and to translate jplans for 
3«Djproducts into.2-D patterns for sheet metal 
processing; and IngersoU Milling Machine Co^ 
has used GAD to develop a new FMS.^' But 

~Am&ncan Metal Market/Meuiwotidng News, various issues. 
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the costs of mbderiiizihg in the context of 
strong import competition ahd^ siuggish mar- 
ket may lead other firms to withdraw Som the 
market. Machine-tool builders have also con- 
templated cooperative research ventures, and 
several cdrnpanies have recently built new re- 
search facilities. For example, Cincinnati Mil- 
acron. Inc., has completed a hew research cen- 
ter; Ex-Cell-b^has a new techriolbgy^ center; 
Monarch Machine Tool is forming a new en- 
gineering development lab; and South Bend 
Lathe is adding a new engineering group for 
its research division." 

Rather than improve domestic plant and 
equipment, there is already evidence of a grow- 
ing reliance by. U.S. firms oh foreign compa- 
nies, or oh their ^o\\Ti prbductioh facihties 
abroad, for the hardware they sell. As di:e 
rnachihe-tdbl ihdustry executive explaihed to 
the Ihterhatibhal Trade Cbnimissibh: 

_ It is essential to distinguish between the 
future prbsperity bf Americaii companies 
^hat tfadiB in machine tbbls and the future 
prosperity of the domestic _niachine tool 
building industry. Gross & Trecker is com- 
mitted tb the busihess of machine tbbls, but 
it is not' committed; to build in the Uhited 
States alt or any specific portion of the ma- 
chihe tbbls it sells here.*^ 

Behdix, before deciding early in 1984 to divest 
•its industrial autbmatibh operations, plsomed 
tb ihtrbduce new p^pduets while shifting the 
prbductioh bf other prbduets (small GNG 
lathes and chuckersf to Japah,^ where it par- 
ticipated ih a joiht vehturfe with MurataMa- 
,chinefy Co. Also, it had invested ih the Ital- 
ian firm Comau, which bbuld have provided it 
with hardware; and it Had arranged tb be the 
exclusive distributor of Tt^oda Machine Wbrks 
NC^machine tools in the United States and 
Canada. Acme-Cleveland and Cross & Treck- 
er have forged agreements with foreign firms 
to supply equipment to replace or add to prcS- 
ucts edready made and ^^s^^ the United 
States^ Another firm, Sulzer, has recently cho- 



_ *^ American Metal Market/MetslworiangNews, June 12, 1983; 
NMTBA Pet: Supp: - _ 

"Ri)sarihe Brooks, "Tool Builders Consider Offshore Sites." 
American Meta] Market/Metalworking News, July 4, 1983. 



sen to en^ter the U.S. market by selling Ital- 
ian equipment under license. On the other 
hand, Cincmnati MUacron officials have stated 
that they plan to continue to jjroduce com- 
modity machinery, in part because advances 
in maehihe-tool technology make control over 
the design of both hardware and controls im- 
portant.'^^ Yet some of their equipment may 
be prbdueed in their European facilities. In- 
terestingly, the wiffih^ess of leading U.S. 
rhachihe^tbbj builders to move offshore sug- 
gests that they do not believe that PA tech- 
nology alone would sufficiently lower their 
own productibh cbsts. 

I^ee principal areas of new product devel- 
opment that may benefit the domestic indus- 
try are products for processing nonmetal rti^- 
terials, products mmed at j^aller users, and 
manufacturing integration. I^od for proc- 
essing hbhmetfid materials mclude machinery 
for processing plastics, especially compo^^^^ 
rhaterieds fused increasin^y by the aerospace 
industry^. The-growmg substitution of plastics 
for metals ih the aircraft, motor vehicle, and 
appliahce industries, among others, is feeding 
Idjig-terrn^bwth ih plasties machineiy sales. 
Cincinnati Milacroh, for examjple, not only 
makes cbmpiiter-cohtrblled plastics molding 
machinery but offers rbbbtic cells for plastics 
productidn and equipmeht for prbducihg and 
inspecting items rnade with composites. Other 
equipment may be aiiri^ at processing ceram- 
ics, used increasingly by the autb and aero- 
space industries, ih plarticular. 

„ There are several reasons why machine-tool 
firms may aim tb serve smaller customers. One 
is that the huge autbmotive and commercistl 
aerospace purchases bf the late 1970*s are hot 
likely to be repeated; thus, defense spiendihg 
and small firms may becbrhe key forces ih the 
market.* An ai-gurheht for growth ih small- 
user demand is increased competition ambng 



"Bruce Vemyi^ "Machine Builders Look tb New Techhbld^ 
Products: Some Concede' Standard Lines to Foreign Firms," 
Americah ATetal Market^^^^ Njsws, Jj^ne 13, 1983. 

. *^^Pte_t_Ha^ offset^ and other agreements are 

LncreasJnK tiie forei^ production coaiponent of ILS. civil and 
military aircraft, a trend that adversely affects U.S. parts sup^ 
pliers arid presurnably cbhstraiha U.S. machinery demand. 



BOX 



286 • Computenzjd fi^amjfactunng AutomBtion: Employment. Educatioh, and the mrkpTace 



smaller metalwbrkihg firms for business, a 
trend indicated both by OTA case studies and 
by other evidence. The benefits of NG in terms 
of improved production reliabifity, better cost 
estimatidh, and faster production time may be- 
come* increasingly attractive to smaller users 
facing high competition for machinihg work. 
Oh the other hand, since smaH manufacturers 
were the principal victims of the past reqes- 
sions, t^eir spending capacity is uhcertgiih. 

Other motivatioris include the possibility of 
tighter links between prime manufacturers 
and subcbntractdrs ill the automobile and aer- 
ospace industries. These hnks are assc^^^ 
with such inventory-control strategies as the 
just-in-time system, which tends to be accom- 
panied by single-sourcing of suppKes, and with 
the spread of programmable automation itself, 
which ericourages direct computer links be- 
tween manufacturers and suppliers. The Na- 
tional Tooling and Machining Assbciatidri 
(NTMA), for example, has arranged seminars be- 
tween major auto producers and nietalwdrking 
suppliers to facilitate the transitidh td PA. The 
possibility of closer links with their custom- 
ers may spur metalworking arid dther suppli- 
ers to modernize their facilities; in effect, such 
a requirement may be iriipdsed dn them. 

Though smaller users offer a poteritial fdr 
market expansion, the primary U.S. corripeti^ 
tive strength continues to be in larger, riiore 
cdmplex systems. Tins is one reason why riia- 
chine-tool builders may seek to procure sriiallef 
products from foreign sources. Lodge and 
Shipley, for example, has begun td market 
small eisie lathes from Italy. Strength in large 
systems is also a reason why major NC pro- 
ducers are likely to further emphasize Inte- 
grated manufacturing, thrdUgh supply ofjnmi- 
ufacturing cells, FMS, arid other integrated 
systems, arid through the production of 
robots. Cross & Trecker, for example, recently 
formed a diyisidri td produce automated ina- 
terials-haridlirig devices. It also acquired Ben^^ 
dix' dperatidris fdr industrial controls, machine 
tools, arid rdbdts. 

Machine-tool builders riiay cdritiriue to ex^ 
pand into robot production because, among 
other reasons, robots cari cdriiplement machine 



tools or accessdries (e.g., loaders^ changers) 
within FMS or other settings. Also, transfer 
4ihes arid other special machine-tool prdducts 
are expected td be more flexible and capable 
of prdducirig small lots and compionent fami- 
lies ecdridmically. They will include advanced 
cdriiputer control and monitoring,_sensors, arid 
aUtdmated functionsjor stoct delivery, gaug- 
ing, fading, and removffl of broken tools.''® 

While NC producers may supply inte^ated 
systems by making key components and soft- 
^ware theriiselves, it is also possible that they 
may adopt a turnkey approach, assembling 
compbrierits made by a variety of cqmpsuiies. 
As NC riiachine-tool builders become better 
able td riiatch machine tools with controls, and 
as Users seek to standardize the controls they 
Use, machine-tool builders may become in- 
creasingly willing and able to offer their equip- 
rii^rit with a variety of options for controls. 
Turnkey operation is also more likely jf NC 
firms continue to diminish their domestic pro- 
duction and focus more oji machirie-tdol dis- 
tribution^On the other harid, rriachirie-tdol 
builders may establish links with such firms 
as IBM, 6E, or We^tinghbUse, supplying 
hardware which those firriis would package for 
sale with engineering services, Cdntrols, and 
software. 

Cdritrdl makers themselves are already in- 
volved in the integration field. Allen-Bradley, 
fdr example, of f ers m "area cbntror' systerii 
td integrate management and operation func- 
tions. It is woridng with 3M and Western Dig- 
ital to develop a broadband local area rietwdrk 
that would afiow a wide range of riiariufactur- 
ing devices to communicate. Both systems 
would accommodate equipment frdrii different 
vendors, making integration riidre accessible 
to users. 

Regardless of how much hardware NC sup- 
pliers build themselves, their nbnprodUction 
activities will continue to increase. This trend 

'"Ai Wtigiey, "Versatile Transfer Lines," Amencan Metal 
mrltet/MetslworkJn^ Newa._ Aug. 15, 1983. Lauri Giwehj 
'Transfer Liiie Design ia Changing Rapicily," Atnencan Metal 
Market'Meta] working , - 

^'See,^ for example. '•Bridgopdrt Shows Tools, /t/nencfl/i 
Afetai Mflr/ce£/MeefliivorW/i^ News, Sept. 20. 1982. 
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is due in part to the large heed for support ac- 
tivities associated with the design .aridJrnple- 
rriehtatiori of complex systems like FMS. SucH 
systems require extended (2 to 5 years) plan- 
ning by Users^ whether for retrofit or new- 
facility fnstaUatidris. NC producers have 
begun to establish service units that advise 
customers iri the planning for and design of 
automated systems. For example, several 
firms, including Cincinnati Milacrdh and 
AUen- Bradley, now have automation consult- 
ing units. 

Future trade trends in the NC industry are 
difficult to predict, although the status of the 
U.S. market as the largest machihe-tbdl mar- 
ket in the world (foUbwed by the U.S.S JR., 
West Germany, and Japan) suggests that for- 
eign cdm|>etitioh will persist. Key factors bear- 
ing bh U.S.-Japan cbmpetitibh are the. pros- 
pects fbr prbtectiohist actibh by the United 
States arid of volUritaiy export curbs initiated 
by the Japariese, althbugh the Japariese al- 
ready have large iriveritoriespositibhed in the 
United States. More generally, other factbrs 
affecting trade patterns include the develbp- 
ment of foreign markets, and changes in U.S. 
customer deinand. For example. Ford's shift 
from turning to milling of crankshafts offers 
new opportunities to foreigri machine-tool 
firms, which already produce for this applica- 
tion (unHke U.S. firms[.;*® Other c in cus- 
tomer products and processes may also affect 
the competitive balance. Finally, competition 
in NG will depend on the relative similOTity of 
hatibhal preferences. For example, Japanese 
vehdbrs^and users appear to prefer relatively 
simple FMSs, while U.S. companies appear to 
prefer more sophisticated systems.^^ If NG 
sales, including FMS, become increasingly 
briehted toward integrated systems, the tradi- 
tibhal U.S. strength in sbftware and systems 
techhblbgies may prbve to be ah enduring 
advantage. 

'jiuck Thornton, VTord Enifine Plant to Mil) Rather than 
Turn Crunkfl," Americnn Metal Mnrket/Metniworkm^ News, 
Sept. 20.-l9i<2. _ __ ...... 

""In KM S, Simplicity Gdverhfl," A^merican Metal Market- 
working News, Jupuneae Machine tool Supplement, July 1 1, 
1983. 



Robots 

History 

The role of entrepreneurs, and the absence 
of a major government role, distinguish the 
early development of the robotics industry 
from that of other PA technologies. After Uni- 
mation installed the first commercial robot in 
1961 in the auto industry, s^^ were negligi- 
ble for about a decade. With a virtual monop- 
oly, Unimation had sold onl^ robots by 
1970." One other firm^ Versatra^^ (now part* 
^1 P^^bjftobotsj, also sold a few robots dur- 
ing that first decade. Several o^ther firms in- 
vestigated robotics technology during the 
iSBG's without entering the market. 

By the mid-1970's, robot sales in the United 
States had risen to about $15 million. Cincin- 
nati Milacron and DeVilbiss (machine-tCK)l 
builders), Autoplace jCopperweld Robotics, 
until sold in early 1984), Prab Conveyors (a 
materials handhng equipment maker, which 
bought out Versatr^ Prab Ro- 

bots)^ and Swedish-Downed A^JEA had become 
significant vendors, although Unimation re- 
mained the leader. Cincinnati Milacron and 
ASE A developed their own robots, ^ut they 
also Kciensed tecfinolo^ from Unimatiqn,^^ 
while DeA^ilbiss sold robots licensed from 
Trallffa (of Norway). The automobile industry 
was the principal customer, buying robots for 
applicatibhs such as spot welding and spray 
paihtihg. Figure 31 shows rnarket growth 
trends. ? 

Major inyestnientj)rograms by automobile 
manufacturers led the growth in demand for 
robots in the late i970*s. Although the auto 
industry was Sready heavily automated, vol- 
atile ebhsurher demand and variable produc- 
tion ruha created a growing problem of pre- 
mature bbsbleseehce bf plant and equipment. 
These factbrs, plus f breign cbmpetitibh, gen- 
erated ^pressure to reduce costs as well as in- 
crease flexibility arid quality in prbductibh. 

"""Tacklihg the Prejudice Agaihist Robots, **Hu5//i05s Week. 
Apr 26. 1976. ' 

*'**jlobot Makers Stijl Wuiting f<)r Promised Big Murkets," 
KlDctTDnic fiumnejiS, October 1980. 
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Figure 31.^ Robot Market Trends 
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Substitution for less flexible equipment, aiid 
the reduction of labor costs, were both major 
motivations for automotive use of robots. By 
late 1980, 1, 400, or nearly half of the 3,200 
robots Unimation had installed, were for spot- 
welding applications." 

The pdteritial market for robots in the 
aerospace and electronics industries was also 
explored during the 1970's. The aerospace in- 
dustry, unlike the autornobile industry, con- 
tained relatively few obvious applications, be- 
cause aircraft are very high-precision products 
produced in small batches; early rbbbts tended 
to be insufficiently precise arid relatively ex- 
pensive to adapt for each use. During the rriid 
to late 1970's, DOD programs (e.g., ICAM) 
aimed at improving defense procurement riidti- 
vated the evaluation, perfection, and addptibri 
of robots by large aerospace firms working in 
conjunction with government and university 
researchers (see ch. 8). Although DOD tech- 
nology-diffusion programs also evaluated the 
use of robots^ for electronics applications, the 
electronics industry was largely responsible 
for developing its own early applications. 
Firms such as Texas instruments and IBM 
developed robots and applications in such 
broad areas as materials handling and simple 
assembly. ' 

_ Foreign firms have participated in robot 
markets since the 1960 's. The Japanese indus- 
try grew bigger mid at a faster rate than the 
U.S. industry.* This happened in part because 
the Japanese Government encouraged robot 
use by smaH and medium-sized finns^hrough 
such measures as a robot leasing program (see 
ch. 9). The typically close Hnks between ma- 
jor Japanese manufacturers and their suppli- 
ers also served to promote ^owth in smaller 
firrri use of robots. In 19BS, Kawasaki licensed 
rqbdt technology from Unimation, beebming 
the first arid leading Japanese producer. Jap- 



♦.Jtipuhese robot prbductibh (hot necessarily restricted to U.S. 
rol)()t defihitibh) grew from 2Dp units ($1.6 million) in 1968 
to units C$8,7 miiypn) _in_19J7_and Mlimii- 
Hon) in 198b._ "Japanese Production Runs Limit Robotic In- 
vcRlmentB/'AvMion Weeic and Space Technology, Aug, 2\ 
1982. 



ariese vendors proliferated, as ebmpanies that 
had earlier built robots for their own use (e;g;, 
Peritel, Seiko) entered the external domestic 
riiarket. Across a relatively l)rbad range of 
industries arid firrri sizes, Japanese firms 
adopted robots arid other forrris of autbrriatibh 
rdatively quickly because a shortage, of 
skilled, entry-level labpr in Japariese manufac- 
turing industries, particularly those indus- 
tries ill which prdductibri work was cbnsidered 
onerous. 

During and since the i970's^ other major 
prbdiicers of robots have appeared in various 
Eurbpean countries. IVaHfa of Norway is a ma- 
jbr producer of spraying robots; its technolo- 
gy is licensed to DeTilbiss. ASEA of Sweden 
is a rriajbr prbducer of are-welding robots; it 
has a U.S. subsidiary and bperates in^everal 
bther countries. Veridbrs based Jel France, 
Italy, West Germariy, the United Kingdom, 
arid other Eurbpeari cburitrieSi where indige- 
nous industries tended to develop arbund the 
local auto industries, also begari to sell rbbbts 
in the United States. 

Recent/Contemporary 

The robot riiarket has reportedly grown to 
exceed $200 milliori in sales in the United 
States, arid perhaps $1 billibri wbrldwide.* The 
robot busiriess, however, rerriains unprofit- 
able— the growth of sales has been described 
by Laura Coriigliarb, a firiaricial arialyst of the 
robot industry, as "profitless prosperity." One 
industry par ticiparit recently cbrripared the 
estiniated $200 million in 1982 sales with 
about $500 million in costs." The ITC cori- 



_*j"flystry analysts es.timate that 1982 sales were $200 JMil- 
lion, whije 1983 sales are believed to approach $240J^illidn. 
The International T>ade Cdmmissidh estimated that 1982 U.S. 
sales by domestic firms alone were under $140 million. Note 
^^^^ ^ M s ^'^A rneasu re sales and prof i ts .because most, ven- 
dors are privately held or are small parts of large companies 
that do not break out sales data: Therefore, industry antilysts 
generally seek to cbuht units sold and estimate sales based oh 
average^price. Average price, however, will vary depending^on 
customer preferences for acceMoriM items accom* 

panying the sale of the basic manipulator. 

"Laura Conigliaro and Christine Chien, ••Computer Inte- 
grated Manufacturing, V report of the. April 1983 Prudential* 
Bache Securities Symposium bh Computer-Integrated Manu- 
facturing, Prudential-Bache Securities, Aug. 2, 1983. 
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eluded from its jndustry survey that robot 
vendors lost money through the 1979-83 pe- 
riod." There are^several reasons for this sitiia^ 
tiqn, which stems f^om the immaturity of the 
market. Vendors are trying to pbsitibh them- 
selves in a nascent market, they often deliver 
products they have yet to perfect, and users 
often require extremely high levels of service 
and support to make ah appUcatibh successful. 
Gohsequently, Jiigh costs for marketing, ap- 
plications development, support, and produc- 
tion of special tooling erode profits from ro- 
bot sales. Table 58 lists shipment estiniates 
from ITC (note that since 1980, shipments 
have included a significant fraction of robots 
for instnictibhal purposes)." 

Among users, the auto industry cbritiriues 
to dominate; other major users include aero- 
space, electronics, machinery, foundries, and 
miscellaneous light manufacturing (3ee table 
59). Among appHeatiohs, spot welding, ma- 
chine loading, spray painting, arid materials 
handling are most prevalent, although arc 
welding, inspection, and asseriibly applications 
are. becoming more cbimriori, in part because 
of a growth in sehsbr techiiblbgy, especially 



****eompetitive Position. of U.S. I^oducers of RbboU^ 
meaticand World; Markets,*' U.S. International Trade Cbmmis- 
sidh, Publication 1475. December 1983. 
- "rbid. 



visibri systems, for robots. From 70 to 80 perr 
cent of robots in the auto industry are used 
for welding. 

Because the rbbbt market holds the prospect 
of eventual prbfits, U.S. robot vendors have 
proliferated since 1980. While Unimation and 
Gincinnati Milacrbri still lead the market, they 
face cbxnpetitibn frbrii a diverse set of market 
entrants, iricludirig small, innovative startup 
firms and large, diversified multinationals. 
There are about 100 U.S. vendors, compared 
with about 250 in Japkn and several dozen in 
Eurbpe." * The market includes both fuH-Hne 
firms arid niche firms, the strongest compet- 
itbrs offer a range of products. In addition to 
robot assemblers, there are other firms cohcen- 



"Se€j_for example: Laura Cdnigliard. "Trends in the Robot 
Industry (Revisitedji Where are We^N^^ 13th Int^maiJ^onaJ 
SymposjW33 on /ndasfcnai fio6ot5 and J?o6ot5 7, conference jpro- 
ceedihgs, Robotics International of SME. Apr. 17-2U 1983, 

*Al30, there are at least 30 Japanese firms that pfodace ro- 
bots only for themselves and their shareholders. PauLArdh, 
' TheJlobot Scene in Japan: An UMate/* Paul Aron 
No. 26, Daiwa Secorities America, Inc., Sept, 7^ 1983. Itjs not 
clear how many U.S. firms produce for their own use, although 
IBM and Texas In strumehts are examples of firms believed to 
do so. Square P. for example, is an electrical eqiuprri 
that boQght a young robotics firm._U._S._Roiwt3^^ 
produces "Maker^* robots) to obtain robots for its own small- 
part production. The ITC concluded from its indastry survey 
that only 6% pf shiprnents w (captive). The 

prevalence of user-producers in Japan accounts for the greater 
number of speciai-parpose robots in Japan. 



Table 58.— Robots: U.S. Producer's Domestic Shipments; by Types , 1979-83 

T:";:"^' 'Type " ^ 1971 " -1980 - 198r — ~ 1982 

spot welders . 155 ^44 iJI" 434 

Arc welders....::::::::....... 28 52 57 ^91 

Coaters ,,,.,,,,:,,_,.;..:.:.:: 0 0 26 156 
Assemblers and material 

Handlers- 11? 153 . 259 55p 

Metalworking apparatus : A ' 1° 

Lbaders/unldaders . 79 11 

Others' 63 14J 344 _697^ 

Total . : : : : _ 443 808 1,507 2,107 

Value (1,000 jollars) - 

jojai-. ~ 19,168 43.293 90,076 -122323- 

Uriit value — 

Average . . . VJUET S 53,580 S 59,772 ^.1 50 

'puta tTr T983 aro~basecl on proiecttons provided by U S producers 
^'pnta iVH combined to provont disclosure : ■ 

' kiciudus small •nstrurJioriaLand educational dovtca;*.,-- ...1.7— |- 

'"Di-Jta by types tire not available \ -'i | ^ ,__ 

■ SOURCE Compiled from datrt:subniiiied in.respbnse to que'st.onnaires of the U S International Trade Commission. 
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Table 59.— U.S. Robot Population by Application and Industry, End of 1982 



Nonmetals Electrical, Heavy/ 

ligJit elec- scjUp-: Aero- 

A mo — - Foun d ry Ma nufacturer troriics inent space Total 



Weidinc} i'» 

Material handJing 1 1 i ^55q .250/0) 

Machine loading .2 2 o: 12*^0 poo/d 



1 i 2200 {35%j 



♦ ^ - 2: _ 1250(20%) 

§pray painting, finishmg 3 2 3 3; 1 600 10% 

ff^^^ly. 2 2 200(3%) 

"^^^^^ 2500 '1250 1050 7QQ 100 6200 (100%) 



'About 70 to 80 percent of robots in auto Industry are used lor vvelding, 
SOURCE Tech Tran Corp 



(400/0) (20%) (17%) _ (11 0/0) ■ (106/0^ (2%) 



tratihg bh aneiHsffy products such as end-of- 
arrh toblihg, motors, and otfier components for 
robots. Finally, not aH vendors produce their 
wares: probably only abotit 50 U.S. firms ac- 
tually produce rbbbts." Gojnpeiitibh is in- 
tense, and some firms have already exited the 
market (e.g.. Black & Decker, Kulieke & Sof- 
fa).*» Cbpperweld Corp. left the rbbbt market 
after recent losses bh rbbbtics systems aiid vi- 
sion products, although it was cbnsidered the 
largest U.S. maker of small rbbbts when it en- 
tered the market in 1979 (via acquisitibh). SixA- 
ilarly, Ndrdsbri Gbrp, is planhihglb divest the 
robotics division it fdrrhed in 1980. 

^ Entity ihtb_ the market has occtSe^ 
liceriaifig bf foreign teehhblbgy^ mergers, and 
acquisitions, asrwell as through new-product 
develdpmeht. GE, for example, entered in 1981 
by hcerising Italian and Japanese-designed 
robots. GCA and Autbinatix are among the 
many companies that distribute Japanese 
robots under their dwii names, and at least one 
American firm has licensed a Scbttish-de- 
signed robot. * Cross-feftilizatibri, thrbugh 
Bcensing, outsourcing, joint ventures^ or other 
means, is a key feature of this market (see dis- 



^'Competitive Position of U.S. Producers of Robotics 
Po'^estic and Wp Interna tionai Trade 

Coimnissipn, Publication 1475, December 1983. 

"KuUcke & Soffa had formed a new division and invested oyer 
$1 rnttdon in robotics research over a 2-year period. See **Reces- 
siwi Even Hits ^ohbt3,'' The New Y^ 12. 1983. 

'/P^^rpn G^^ Me£a/ Afar- 

keMetalworkJng Newsr dune 6, tB83: _ 

*Bendix, for example, distributed three Yaskawa ro¥ot sys- 
tems in the Western Hemisphere under the Bendix name and 
provided support and services. Wall Street Journal, Dec. 7, 
1982. 



cussidn beldw|. Several vendors even offer 
robots Using the same basic marSpulatbrs.^® 
The prevalence of cooperative efforts is not 
surprising given the fact that developing a 
protot^je robot alone costs upwards bf $1 mil- 
lion, while the full costs of market ^try are 
closer to $15 million to $20 millibh. The costs 
of entering and operating the business are 
even higher. 

Several firms have been financed by ven- 
ture capital, althbugh external financing is be- 
lieved to be less available hbw than it was just 
a few years ago. Ihtelledex, for example,^ was 
founded in 1981 by -former Hewlett-Packard 
employees using venture capital; it is devjel- 
oping sophisticated rbbbts with visibn for 
electronics assembly. GbhtrbLiUitbmatic^j, 
^9y?il?^ ^^_^bout the same tiine by fbrriier 
Western Electric personnel and fiind^ by ven- 
ture rapitd.dsq aims to serve the electronics 
assemBly mark^. As th examples.suggest, 
several newjirms draw on computer back- 
grounds or emphasize electar^^^ applications; 
this ebhtrasts with the more mjKrhanical orien- 
tatibh bf most of the early vendors. 

Robpt producers supply rbbbts as stand- 
alone devices with basic systems engineering, 
as_custom- turnkey systems, or as mbdular- 
turnkey systems. As in, Other PA markets, 
tunikey fiiTOS combine rb cbmpbhehts 
rnade by others with controls, software, and 
tooling tmlored to meet the reguirements bf 
specific applications. Robot systems are avail- 

Robotics: Too Many Firms for the Market?" 77ie Journal . • 
of Commerce, Apr. 26, 1983. 
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able based either narrowly bh a robot or more 
broadly on a mmiufacttirihg cell served by a 
robot (e.g., as a machine tehderAoader). Auto- 
matix, for example, was fbuhded as a vision 
company that imported Japanese manipula- 
tors and sold them with yisidh systems of its 
own design. It recently introduced a line of 
robotic assembly cells with vision systems 
that can be combined into a larger assembly 
system. Robot systems with vision capabili- 
ties have grbwh more common; 25 to 30 per- 
cent bf machine Vision systems sold are sold 

with rbbbts.^* 

J _ _ 

Both large, diversified vehdbrs such as IBM, 
GE, and Westinghouse, and smaller dries such 
as GCA and Gybotech, offer to integrate ro- 
bots or robotic systems with a Variety of other 
types of production autbiriatibn. Several ven- 
dors, such as GeA and IBM, bffer to link CAD 
units to robots, allbwihg robots to be pro- 
gramed ^d applicatibhs to be simulated 
through GAD systems. The strategy of some 
of these vendbrs is to treat robots as additional 
terminals in larger, cdmputer-based systems. 
Such systems can ehmihate the need for sep- 
arate robot prbgramirig and related support 
activities. 

While the manipulatbr |the basic fdbdt hard- 
ware) accounts for over half the total cost of 
installing a robot ^see fig. 32[the increased at- 
tention to controls, sbftware, and service ac: 
company ihg the trend tbward treating robots 
as part of systems is reducing the role of hard- 
ware in the rbbbt business. As one industry 
participant bbserVed: 

To me, the robot system is probably fifty 
percent controls and software cmd anoth^^^ 
twenty-five percent peripheral application 
and tooling and staging. And only twenty- 



•'See Robert N. Stauff^n **Sehadrs: SO.OOa Machine Vision 
Systems Seen by 1992J* RoboUcs Today, April 1983: Tech Tran 
estimates that, as of early im.only 400 to 500 machK^^^ 
sibn systems were in use, bat up to 50.000 systems may_ be used 
by 1993, Machine vision systems- corj-ently . coat $25,000 to 
$30,000 but may cost less than $J.0^00a by 1993:^ 

*The vision system marjcet [s believed to cbntairi over 100 
suppliers. Vision system sales have been estimated at $18 mil- 
Hon to $25 ihillibh in m2. and forecast to grow rapidly dur- 
ing the mid to late 198D's. 



five percent of it is the basic robotic mecha- 
nism that you see.®^ 

Thus, at the Rbbbt 7 exposition, for exmi- 
ple, eincinhati Milacrdri demonstrated only 
three robot models arid one control unit, avail- 
able with differiBht options. The hardware was 
standardized, but different customer needs 
could be met by Varying the software. 

For both simple and complex applications, 
pre- and post-sale support and service are in- 
creasiDgly considered essential by both ven- 
dors and users. 0ne indic^tbr that service and 
support have been ihadec[uate is the fact that 
buyers have occasibhcdly abariddried robots, 
something that has hbt been a problem for 
CAD systems arid bther types of program^ia- 
ble automatibn. A lot of pre-sale supports- 
planning, training, facilities preparation, 
etc.— is bfteri heeded, for a couple of reasons 
in particular: Robots have yet to be viewed as 
the only alternative for certain tasks (uhHke, 
say, lathes); arid there are no single, correct 
apprbaches tb applying robotsin given situa- 
tiojis. Because robot technology is still deyel- 
bpdng, arid because users often adopt their first 
rbbbts as a greUminary to broader process 
dharige, pd^t-sale support— e.g., software up- 
dates, service contracts— is also impbrtarit. 
While early robot vendors ^e.g., Uriimatibn, 
Prab, arid Cincinnati Milacron) initially fo- 
cused on mamipjilator prbductibri^, ^d 
competition has made service iricreasirigly im- 
portant to the business. 

Sbriie veriddfs have altered their pncmg pat- 
terns iri recdgriitidri of this situation, Sthbugh 
pricing strategies appear to vary too much to 
perriiit rileaningful inferences. For exariiple, 
rather than offer a $100,000 robot,. a veriddr 
riiay ridw offer the "robot" for $30,000 arid 
suppdrt/service for $70,000. Indeed,^some m- 
dustry analysts jiave somewhat cyiiically ob- 
served that selling robots is arialdgbUs td giv- 
ing away (virtually) razors arid profiting from 



•'Laura Conigliaro and Christine Chien, "Computer In- 
tegrated Manufacturing," report of the April 1983 Prodential. 
Bache Securities Syrnpoaiuin on Computer.! n to Manufac- 
turing, Prudontial-Bache Securities, Aug. 2, 1983. 
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Figure 32. -^Typical Robot System Cost Breakdown 
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the sale of razor blades: the money is in the 
follow-on sales of compiementaiy products. 
Another interpretation is that vendors have 
yet^to offer products that users reaHy want. 
In particular, there is some evidence that users 
want simpler systems.®^ 

Large arid small system-oriented vendors 
have respdhded to perceived needs for serv- 
ice by enlarging their service capacity, and by 
. adding systems-plaruiing consulting units. For 
example, IBM has a Robotics Assembly In- 
stitute; GCA has two demonstration cent^^ 
Prab has a systems en^neering unit; and GE 
has a few robot appUcatiqns centers, in addi- 
tion, third-party robotics consulting/service 
firms have emerged. These include Fh"6ductiv- 
ity Systems, Inc^(MichO; Geeris International, 
Inc^ (Cqnn. j; FrankKn Institute Research tab- 
oratories. Inc. (Pa.); Scientific AppKeatiohs, 
Inc. (Va.); and Automatibh Systerns/Aiherieah 
Technologies (N.J.). Third-party or nbn- 
manafactttrmg nrms-have a pViod in the robotics 
business, aain the CAD business, because the 
hardware is lessiinpb]rt;aiit.tliah-the applica 
engineering, software develbpineiit, and other 
aspects that combine in an application (see CIM 
section below). These firms may also become 
more proiniheht because the amount of capi- 
tal available for new-start manufacturers is 
shrinking, arid consulting is less expensive to 
launch than manufacturing. 

The robot market ebhtihues to be strongly 
international, although it is believed that ro- 
bot imports comprise less than 10 percent of 
the market.^* This corripares with a 25 to 30 
percent import penetration for automobiles. 
According to ITC, U.S. imports of complete 
rbbbts grew in value from $3.8 million in 1979 
to $15,1 million in 1982 and may have grown 
to $28.9 iQillioii in 1983. Imports of robot parts 
and subassemblies grew from $126, 000 in 1979 
to $6.7 milhon in 1982 and may have grown 
to $15.2 million in 1983. According to Paul 

"See, for example: Frank Cogan, ' 'Some Robots Beinjg^ Sim- 
plified to Attract -UseTB^-Amencan MeiaJ Market/Meialwork* 
jj3^New5, Sept. 13, 1982. - 

•^jLaura Cbnigliard and Christine Chieh, "Computer Inte- 
grated. Manufact_u_nn^i*_\ report 1 983 Prudehtial- 
Bache Securities Symposium on Ck)mputei^Integj:ated Manufac- 
turing, Prudenti^-Bache Securities; Aug. 2, 1983. 



Arbh of Daiwa Securities America, Inc., 425 
units valued at about $11.4 itiillipn were im- 
ported in 1982, of which 59 percent came from 
Japan, compared with a total of $195 million 

in domestic production.^® 

- - - . - 

Japan has been the priheipaL source of robot 
imports; Sweden and Nbrway foUow, together 
accounting for less_thaii half of the value of 
Japanese imports. Sweden follows Japiah and 
the United. States as the third largest robot 
producer. Its principal robot manufacturer, 
ASEA, is a leading, rnaker of industrial ma- 
chinery. ASE A prbdnces about half of Swe- 
den's robot butijut. The remaining portion of 
impbrts (abbUt 20 percent by value, 9 percent 
by volume) cbiTies from West Germany, Italy, 
and the United Kingdom. These countries pri- 
marily supply robots to the United States 
through resale agreements. Five firms produce 
most of West Germany's robot output. The 
two jeading German fiiros are^ol^^ 
Werk ard Kuka.^^ Several forejgn firms serve 
the tJ.S.^market by specializing in niches jje.g., 
ASEA, Yaskawa, and Hitachi in arc welding), 
and most others serve the low end of the 
market. 

U.S. robot makers also export, principally 
to European countries. ITC estimates tjiat 
U.S. robot exports grew from $8.^ million in 
1979 to $20.3^^^ 1982 and niay have 

grown to $33^7 million in 1983, accounting-for — 
20 percent of the shipments. 

A principal difference between foreign and 
domestic firms, until recently, has been the 
prevalence of user-prbducers ambhg fbreigh 
firms. The greater experience of fbreigh firrns 
{particularly Japanese firms) with fbbbtic ap- 
plicatibhs has bieh an important sellin 
Also, the larger market in Japan helps to lower 
the cost of Japanese rbbbts exported to the 
United States. And/*the Japanese also are 

"Paul Aran, /The Robot Scene in Japan: An Update^" Paul 
Arbn Report No. 26, Daiwa Securities America, Inc:; Sept: 7; 
1983. ^ ^ 

"^Cpj^ll^i^^ U-S^ Producers of Rqb<^^^ 

Domestic and World Markets, '\ U.S. I ntematiorial Trade Com- 
mission; Publication 1475, JDeceraber 1983. 

"''Competitive Position of XJ:S: Producers of Robotics in Do- 
mestic arid World Markets,^' U.S^Iriterhatibrial Trade Cdmiriis- 
sion. Publication 1475, December 1983. 
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willing to make use of less sophisticated robots 
rather than wait for the most perfect design. 
... In Japan, the stress is constantly on the 
application/'^® 

The international dimensions ot' the robot 
industry are complieated by the prevalence of 
captive imports, licensing (often involving 
the mahufacture abroad of key hardware), and 
joint ventures. Licensing is a particularly at- 
tractive vehicle for fdreigh firms wishing to 
enter a remote rnarket because it eUmihates 
the heed for setting up a hew distribution sys- 
tem; it appeals to the licensee, oh the other 
hand, as a quick and easy means of ehterihg 
a hew market. R&D needs are lower, as are 
productioh costs. Many U.S. vendors, from 
large, diversified firms (e.g., IBM, GE) to 
smaller, innovative firms (e.g., GCA, Auto- 
matix), license manipulators, especially from 
Japan* (see table 60). As Phillipe Villers, Presi- 
dent of Autoriiatix, recently noted: 



*^Paul Aroh» ^'How to Play Catchup in Robotics/* EFectroD" 
^■^5, June 16, _1983^ 

♦Other countries also supply robot hardware. For example^ 
Steelweld Robotic Systems (United Technologies) sells robot 
systems using Nikb robots made in West Germany and acces* 
sories and peripheral e^^ in the United States. 

Autoniotive News, Sept. 26, 1983. 



If y Oil are going to produce something in 
much lower volumes than a competitor, then 
you had better be able to command a premi- 
um for some innovative aspects . . . Now, in 
robotic arms as distinguished from the^^ 
jis a whoie, that is ardafiveiy mature art, and 
the opportunity for comiriaridirig a tremeh- 
dbus premium for a bettter arm is somewhat 
liinited^At the present tiine, the leading Jap- 
anese manufacturers are producing arms in 
the thbusahds per year in a riumber of cases. 
For man^ii^facture^^^ h®**^ to compete in a^ 
while producing ten times iess of that device, 
the laws of economics says that you can't 
produce it as cheaply ... In the controls area 
it's not the same." 

Finally, there are a growing number of inter- 
national joint ventures, although these remain 
less common than licensing agreements. For 
example, Renault of France and Ransburg of 
the United States formed Cybot^h in the late 
197b's. A new joint venture, GMF Robotics, 
paired a major Japanese producer, Fanuc Ltd,, 
with a major U.S. user, GM. Although its 



"fcaurs ConigliaEo and Christine Chies, ''eompatef Inte- 
grated -Manufacturing, " report of the ApriL1983 Prudential^- 
Bache Securities S3^posiuih oh Cbmputer-lhtegrated Manufa<> . 
turing, Prudentiai*Bache Seointies, Aug. 2, 1983. 



Table 60.— Some Agreemehts Existing Between U.S. and Foreign Robotics Producers 



From 



Type of ag*(B(9m€rit 



-4:0- 



DEA (Italy) .......... ... . . , 

y oj ks vv ag e n iXNesi G e rrh a ri y j 

H i t ac h i Ltd . (j a pa ni _. 

Fajitsu Fanuc (Japanj^ 

Unlmation 

Uriirhatibri 

Prab Robots, jnc 

Prab Robots, jnc 

Prab Robots, Inc. .......... 

Trallfa (Norway)^. 

Renault (f=rarice)^ 

Yaskawa Ejectric (Japan) • • • . 
Yaskawa Electric (Japan)* . . . 
Sankyo Selki (Japan) 
KdmatsU (Japan) ........... 

Mitsubishi Electric (Japan) . . 

Olivetti (Italy) 

Basfer (Italy) 

Dainichi Klko (Japan) ::::::: 

Hitachi Ltd. (Japan) ._ 

NachI FuJIkdshi (Japan) 

Nimak iWes^t.Gerrnanyj 

ASEA (Swede/i) ........ 

Cinc i nnati M ila cron 



.License and marketing 

.License and marRetihg 

. LLq e n s e _a nd rri a rk e t i n g 

.Joint venture 

: License 

. License 

•M^hufacturing 

.Manufacturing 

: Manufacturing 

: License 

. Joint visritu re 

• Marketing 

.Technpjogy exchange 
.Purchase 

.License and marketing 
.License and marketing 

• License and marketing 
. Ucense and marketing 
: Marketing 
.Marketing 

License 

• Llcense__ 
.Subsidiary 

:M an gf actor! ng - 



General Electric Co. 

^6n®Ta' §!®ctric Co. 

Genera! Ejectric Co._ 

General Motors Corp.. 

Kawasaki Heavy Industries (Japan) 

Nokia (Firiamd) ; 

f abrique Nationale (Beigiurh) 

Mu_rata .Machinery (J_apanJ 

Canadian English Co. (Canada) 

DeVilbiss Co: 

Ransburg 

Hobart Brothers 

Machine Intelligence Corp. 

IBM _ 

yVestlnghouse Electric 

Westlhghduse Electric 

Wesjinghduse Electric 

Nordson 

AUtqmatlx 

Advanced Rdbdtics Corp. 
United technologiQS 

ASEA, jnc 

Dalnicbi-KIko (Japan) - - _ 



^Inforrnatidn and techhoiogy flow in bo\f) directions- 

SOURCE: Compiled from various sources by the staff of the U.S. International Trade Commission. 
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ihahagerrieht clfdrris to aim for hb rhbre than 
50_ percent of sales for autbrhbtive applicatidh, 
GMF appears to be gaining a majibr share of 
GM's rbbbt business. GM's hew Buidk com- 
plex in Flint, Mich., for example, will include 
103 rbbbts^all from GMF.'° ' 



International joint ventures are alsb_a fac- 
tor in foreign markets. For example, Ciricih- 
hati Milaerbh and Utsurni Machinery Cb. (Ja- 
pan) will prbduce rbbbts in Japan this year for 
sale in Asia and AustraL'a. Cincinnati Mila- 
erbh *s Japanese subsidiary will assemble the 
rbbbts frpm rhampula made by Utsuali 
and Cihcinhkti Milaci-bh cbhtrdllers made in 
the yhite<i States. Cincinnati Milacrdh claims 
that builciihg the manipulators in Japan will 
cost about 20 percent less than building them 
in the United States.'^ Lower production costs 
reflect, ihjpart, the exchange rate, as well as 
higher production volumes in Japjm. 
/ I 

- - - / --1 
Likely Change 

Estimates bf the 1990 U.S. rbbpt popiilatibh 
geherally range frbm 50,000 to 150,000, or a 
6- tb 18-fbld increase relative to today. Sales 
forecasts for 1990 typically range from $1 bil- 
libh ip $2 billiPh. Clearly, changes Pf these 
magnitudes are uncertain; they depend, in par- 
ticular, pn a strong economy. A **shakeout" 
in trie robot industry, with the number of ven- 
dors falling at the jsame time sales are grow- 
ing,! is widely anticipated within the industry 
and arnon^ ???ly^^?-_P®i^A^s®_^he nature of 
P?9P^?^^P1^_ costs,! the rate of technology 
change, and the growth of the market are aH 
uncertain, there is controversy as to the pros- 
pects of new V. old firms, or large v. shiall 
firjtns (see table 61^. During a recent forum for 
industry participants, the prbblerh was uhder- 
scbred when representatives bf several small 
robot rnanutacturers exprMse^ their desire tb 
be the **IBM bf rbtibtics." Because bb^h large 
and srhall firnis have strengths, and because 
the market is expdcted.tb broadeh, it is likely 



equipped Robot System^' 



American Metal Market'Metalwork- 



iJi^ NewB, Nov. 7, 1983. 

'•''Cindtmati J4ilacrdn Plans tb Have Robots Made in Japan 
11 1984," TTje Wan Street Journal, Sept. 12. 1983. 



that the ihdustry will siippbrt bbth large, 
super market'' suppliers of aUtbmatibh aiid 
smaller firms Priehted tPward rbbbt niches. 
Moreover, large diversified firms— especicilly 
those supplying a variety of types of prpgram- 
mable automation—may persist in the rPbbt 
mfflrket even without earning profits there 
because (as v^th FMSj identiflcatioh with the 
robot industry has strategic value. 

Growth ih applications will be a key to 
brbadeiiihg the rharket. The rate at which rb- 
bbt Use spreads tb hbhrhetalwbrkihg ihdus- 
tries will depend bh many factbrs, including 
broad-based changes ih rhanufacturih^ proc- 
esses and standardizatibh bf equip rheht, lan- 
guages, and interfaces (which rhay occur in- 
formally through the emergehce bf dominant 
products and vendors). Both growth in appli: 
cations and reductions in cost should expand 
the market among small firms, in particular; 
at present, single-r^ot purchases are usually 
hard to justify-^nfinancial grounds.^^ Materi- 
Ss han<fiing, ftssembly, jmd^inspection applica- 
tibhs, wJHch can be found in virtually all man- 
ufacturing ihduBtries, wiH ^o\^dunng this 
dec^e,.in_f*art fieMsause of advances ^in sens- 
ing aiid adeptive ebhtrol (see cfi; 3). 

_ ? are already considered feasible for 
materials hmdUng in upplicatibhs ranging 
from textile processing and apparel nianuf ac- 
ture to persond-care pro^^^ 
maceuticalis, and cigarette packaging. GC A, 
for example, is providing robots foi^maten 
handling ih the printing and paper packaging 
industry. Assembly applications are becom- 
ing more ebmrnbh JMid diverse, esjjecially jn 
the electrbhics ihdustry, with appUcatibns 
ranging frbrh wire-harness assembly to inser- 
tibh bf cbmpbhehts iutb eif cuit bosffds. Sub- 
stantifid rharkets for rbbbts may also ^ow 
during the 1990's ih hbnhiahufacturing appU- 
catibns, from battlefield missibhs tb disposal 
of hazardous wastes tb health-care services 
and fuod processing. Forestry, fishery, rhinihg, 
agricultural, and oceahbgrapliic applications 
are also under development. 



"Steven. M: Miller^ -'Potential Impacts of Rdbdtics-ori Mam 
ufacturihg Cost within Metalwbr&ihg Indus tries," Doctoral 
Dissortatiohf Carnegie^Welloh University, 1983. 
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Table 61.-- Prospects of Different Classes of Robot Vendors 



Startups 

Strehgtfis: _ 

• P^ew if any perceived or real dissatisfactions arhbrig 
end-users... . ... . 

• Ability to attract and hire some of the most aggressive and 
srtiart mdjvidijals in robotics arid rerajed industries. 

• S ma 1 1 s I ze a! lows rapj d s h if I s in s ; r at esies i f n ec es s ary . 
(Thj 3 wai part i c ui ariy_ i_M po rt ant _d u rj n g Ih e recess io n w h e n 
certain i<inds of orders became scarce.) 

• Technological advances will probabJy come from smaller 
coTipanics. 

• S m a i I s I art i 05 bas e me an s J h at each pj;d cTj^ reia rdj ess of 
size, is important. ThfiSi; the best of these companies would 
tanC to offer more support for a given size order; 

• The blBSt of these compariiiBs have attracted impidrtaht ven- 
ture capitalists, gaining Impressive support and financial 
backing. 

Weakne£_sp_s:_ .. 

• tittle name recogmltion for some oi them. 

Far more competitive environment In robotics than Is 
generally ideal fbrstartupsr^i.e., little r»bm fiorerriororfor 
! eaj:n 1 0 g f ro ftl mi s t aKe . 

• Cannot afford to be consistently agressive in pricing. _ 

• Need some. early successes in order to retain venture 
capitalists^OJhiBrwisiB cash flidw IhsUfficiehcy can become 
a fatal disease. 



Large company entrants: 

StrendthSi 

• Narne recognition. 

• Major financial strength; . 

• In many irislahces^ applications idf ipbidts arid other flex- 
jblie auipmatipn techrioldgies In their own factories Is a 
rnarkelin.5_pLus. 

• Already offer a large variety of prodocts other than robots 
for different aspects of factory automation. 

WeBknesses: 

• Powerful financial strength for the cdrpbraliori as a whole 
shQuid not be injerprejed a^^ 

financiai resources for the robot unit. The commitment of 
the company to robotics and how robotics fits Into the com- 
panys overall strategy for factiory aUtoriiatibri will vary. 
(Th e se co m rnj t m en Is c an dj rn i n j sh I f t h e ro bo t e n t j t y co n • 
linuejs Jo underperform exjjectatlons.j 

• The robot entity is one tiny groap within the corporate 
organization. Robotics alone will make no difference to the 
prbfitability or grbwth of most bf Jhese cbmpanles. 

• Lar^e com panLe_s are of t en ham pered by_ih 

• inability to at tract or keep aggressive entrepreneurial types 
for robot on^ts; These 'daals often prefer the looser 
oitjariizatiorial^stiMjctuieiof sm they 
can also get an equity pbsltibn. 



.SOURCE: Laura Cgnigliaro. "Trends In the Robot Industry (Revisited): Where Are We Now?" Proceedings of the 13th International Symposium on Industrial Robots, 
\Aprfl 1983. 



Growth^ in systems applications and sales 
and advances in the automation of otfier pro- 
duction equipment win result m a. ratfier smaH 
market for stand-alone robots, at least within 
metalwbrklng^ industries. . Moreover, these 
trends may also make it easier for firms to 
supply robots, without, manufacturing them 
themselves. Whether they do or do not pro- 
duce manipulators, robot rhanufacturers are 
increasingly likely to produce their own com- 
puter cdntrdls. Also, the software side of the 
market should grow with software erihaiice^ 
mehts~fdr sehsihg, diagnostics, and other 
functions. The growth in systems applications 
and sales, the relative importance of controls, 
software, and customization, and the option 
of relying at least in patt on foreign soiirces 
of low-cost Jiardwsu-e suggest that product dif- 
ferent iatjon and service niay be more impor- 
tant than pricing for competition within the 
robot market. 

Future trade patterns in robots would ap- 
pear to depend on development of technology 
for new applications, prospects for continiied 
cooperative efforts among producers, iand the 



^^phasis placed on systems and 
services. Table 62 j:ontrasJ;s the distribution 
of robot applications in Japan and the United 
States. ' 

The greater use of robots for assembly, 'in- 
telligent robots," and unsophisticated units 
aimed at small firtns in Japan may benefit Jap- 
anese imports later in the decade.* However, 
simple comparisons of^ numbers made and 
used may be misleading. Most assembly^ and 
intelBgent robots are relatively unsophis- 
ticated at this time. Moreover, the Japanese 
apparently consider U.S. assembly teclmology 
to be superior to their own. TJie Japan Ec<k 
nomie Journal notes that the IBM 7565 sys- 
tem robots introduced in early 1983 **seem to 
be bettlS than any facton^isserhbly robots so 
far cbrruriercially developed in Japan" because ; 
of superior software,^ prbgraihing, sensors, and 
cbmputerizatibh.''^ Meanwhile, U.S. corhpahies 

*Japahese firms have recently expanded their efforts to reach 
snxaljjTianufactur^^ 

robots through department stores. Philadelphia Inquirer, July 

9,.19S3. :• 

Robot Makers areSehairig Strong U.S. Cbrripetitidn,*'Ja» 
pah Economic Journal, Feb. 8, 1983. 
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table 62 — installed Operating Industrial Robots by Application, Dec. 31, 1982 

(U.S. Definition) 

Japan United States 

Breakdown Breakdown 

-- Units In p&rcent Units in percent 

Welding^ 8,052 25.2 2,453 38:9 

Painting 1,071 3.4 490 7.8 

Assembly 6,099 19.1 73 1.2 

Casting 557 1.7 ' 875 13.9 

Materials handling 6,797 8.1 1 ,300 20.6 

Machine Idading/unlbading 2,578 8.1 1.060 16:8 

Others 6,746 21.2 50 . ^ 0.8 

total 31,900 100 6^304 -1 00 

3Japan Industrial Robot Association reported separately arc weidlng (3,874) and spot welding (4,278). Robot Institute of America" 
(U.S.) did not distinguish between these two categories. 

NOTE: These esjjmjites Are fl&nejaliy^ CO those of Table 59j the contrast Hlustrates the unreliable data problem. 

SOURCE: Paul Aron, "The Robot Scene In Japan: An Update," balwa Securities America Inc., Sept. 7, 1983. 

have begun to seU more rqb^otsjn^apan. For bots and otfier fiigft-technblo^ prdctueta as a 

example, a young fom^^ed American Robot step to revitaKze tfie French economy, 'VYas- 

Corp. has sold electronic assembly robots in kawa Electric Manufacturing Ga (Japan) and 

Japsm, and it will produce robots there tfebugh Gie Electrb-meeanique (France) have! teamed 

a JapMiese subsidiary to increase Japanese up. Yaskawa mil supply large robots for CEM 

sales (it hopes to lower costs and prices). to market in France; it will seU small CEM 

^ , . . ; . ^ V robots in Japahxahd it will help CEM produce 

Access to foreign markets m^y become more j robots in France." Also. ASEA will prc> 

difficult and unport competition may grow as ^ p^^^- 

a result of foreign poucies supporting robots , - ^ 

(and other forms of progranunable autqma- Krobot systems grow in p^^^ 
tidii) as a favored domestic product (see ch. 9j. ing niay be the most effective way for Japa- 
Spurring the production and use of robots, ro- nese manufacturers to reach the market, 
bot associations pf various sorts exist in many because rnost of them are primarily matxipu- 
countries, including Australia, Belgium, the lator builders; U.S. strengtbs,.by contrast, are 
United Kingdom, Denmc^k, France, West in software and systems development. How- 
Germany, Italy^ Japan, the United States. ever. Japanese producers are working on ro- 
Singapore, Spain, Sweden, and China. These bot systems of their own. For example^ Sumi'- 
^oups often woSfcwitltik^Kcjanakersb^ tomb Shoji (a trading company), NEC (an 
relevant to robot technology develbpmeht, electronics firm), and Dainichi Kiko (a robot 
sSes, and trade. A Swedish committee, for ex- maker) are develdpihg robot systems with vi- 
ample, has proposed a campaign to increase sioh arid voice sensors for sale in 1984.'* 
robot^ produeUox^a^ ^j^^ l^^g term. U.S. manufacturers may 
Swedish-owned ASEA anticipates that robots ^ fcterested iniicensing as they gain 
will _ supersede autos as the main national experience in robotics, wbile the Jap wese ari^^ 
product bthersmayestabUsh U.S. subsidiaries to bet- 
France has even imported Japanese assist- ter provide service arid hardware packages arid 
ance to develop its rbbbt business. In response to adapt to pbteritial or actual restrictions bri 
to French Gbveriurierit requests for ''Japanese iiripbrts. Hitachi, for exariiple, has a U.S. sub- 
cboperatibn in developing arid iritrbducirig rch sichary which recently fdrriied several inde- 



'•Laora Conigliaro arid Christine Cbien, ''Cpmputer Jnte- 
grated J^ariUfacturing'* report af the April 1983, Prudential- 
Bache Securities Syrrifwsiurn on Computer- Integrated Manufsc- 
turihg, Prudential 'Bache Securities, Aug. 2, 1983. 



_ "*'JapM Agr^ Wi^^^^ France bh Interchange of 

pan EconomcJmrnaJj^ Jan-. 1 1 ^ 1 983, 

'*Roy Gjamer,-*- Japanese Robot Industry Slows Down," Fi- 
hanaal Times, Mar. 2, 1983. 
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periderit sales aiid service, centers to allow Hi- 
tachi to sell cbrnplete robot systems in the 
United States and to facilitate future robot 
prdductidri in the United States in the event 
robot imports are restricted. Hitachi now im- 
ports the basic robot and sells it with other 
equipment (e.g., welding and painting devices) 
and services provided by U.S. firms." 

Ah emphasis on service or on integrating 
robots into complex sys^ms would argue 
against a strong import presence (in the tra- 
ditional sense), because close relations with 
customers and retaihihg a local presence are 
important aspects of servace provisiolh and ap- 
plications plahhing. Emhart Corp., for exam- 
ple, chose to work with ASEA of America in 
developing its first robot appUcatioh because 
of the geographic proximity of the vendor's 
facilities to its dwii. Also, U.S. experts believe 
that U.S. firms lead in systems technology. 
However, a movement toward turnkey supply 
of systems is consistent with importation of 
hardware and componen packaged by do- 
mestic firms. Japanese hardware, in particu- 
lar, is likely to grow more attractive as compe- 
tition in Japan lowers prices." Alternritively, 
fqreigii (and tJ.S.) firms may locate production 
or assembly fadhties in differejit markets. 
ASEA, for^exampje, h^ robot plants in J apan, 
West Germany, Spain, Sweden, and the United 
States, 

Other PA Markets 

Automated Materials Handling/ 
Storage/Retrieval Systems 

Autdmat-ed materials handling (AMH), stor- 
age and retrieval systerns (AS/RS) and their 
cdmpdhents are supplied primarily by a few 
firms, which are tj^pically suppliers df more 
conventional materials handling eqi|ipm^t 
and systems, such as cdnveydrs and cdnvey- 
ing equipment (SIC 3535), hoists, overhead 
cranes, and monorails (SIC 3536), and indus- 
trial trucks (SIC 3537). Principal vendors in- 



_ "Lauri Giesen, ''Hitachi Of fering Complete Robots in U.S." 
American Metal Mm'iet/MetalworMng News, Apt: 25^ 1983: 
""Matsushita Electric is Japan's Top Robot Maker," cTap&h 
Econbrmc Journal, May 24, 1983. 



elude Eatbh-Kehway, EsciD/Hyster, fcittd: 
Glark Equipment, Jervis B. Webb, and S 
Handling Systerns. AMH firms have histbi 
cally served customers in the mining _ir 
wholesale/retail trade industries as well i 
manufacturers, although products such i 
autornatic guided vehicles (**robbt carts") ha^ 
recently been developed with particular attei 
tipri to mahufacturihg-industry application 
AGV systems are already produced and use 
in Sweden, France, Italy, and West Germarif 
and British companies are also planning to ei 
ter the AGV market, the AS/RS market i 
more or less distinct from other AMH market 
because the systems are more complex, the 
are generally sold in packages of hardware 
software, engineering, aiid controls by firm 
operating in turnkey fashion. 

The overall materials handling industry ha 
cdritracted recently, in large part because c 
declining capital investment. Although Jrr 
ports in the cdriveydr, hoist, and ihdustrif 
truck industries grew (in current dollars) b; 
14 to 20 percent in 1982, the ratio of import 
to new supply (imports plus domestic pfoduc 
tionj for each of these industries overall wa 
less than 10 percent/^ However there is ; 
growing tendency for foreign sourcing of hard 
ware in these markets, as in others. And, f o 
some AMH products, import competition i 
strong. Makers^ of other PA eqiiipment ar( 
entering the market, and some rnateriali 
h^dHng companies are expanding their in 
vblveiheht in order tb have a stake in the man 
ufaeturihg autbihatibn market as a whole 
Harhischfeger Corp., fbr example, seeks to in 
crease its materials handling business anc 
shift away frdrh its predomihaht business ir 
heavy eqiiipment. It is hiring nibre. engineers 
increasing AMH R&D ahd'^pplicatiohs ehgi 
heerihg, and developing hew controls for AMK 
systems.^® 

While spencKng for materials handlin| 
equipment is stron^y tied to business invest 



- -'•U:S. Department of Coriimefce, 19S3 industn^ Oadook 
Note that these figures may hot capture larger penetratidhj 
for sp^ific products. _ _ _ _ _ 

^Laun Gjesen, '^Hanu^hfeger Voers 
American Metal Market/Met alworking News, Jan. 16, 1984, 
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rilent patterns in geheral, new interest aihbhg 
maiiufacturing firms in automating and link- 
ing materials handling, and produetibn equip- 
ment will create new demand. Indeed, a ma- 
jor trade association, the Material Handling 
Institute, replaced their 1984 *!Autoniated 
Material Handling and Storage^System Con- 
ference" w]th an *4ntegrated Systems Con- 
ference ^1 ani for median, advisory Ad van^^^ 
Technology Council."'* However, since FMS 
and other aspects of prbductioh iritegtatidn 
are stiH being develop^ and are of Umited use, 
highly integrated systems are riot likely to 
have a major influence on the riiaterials handl- 
ing market during this decade. Also, AS/RS 
have tended to be practical drily for very large- 
volume storage heeds arid relatively frequent 
turnover of irivehtories, although smaller 
systems are being developed. 



Mahufacturirig Resources Planning (MRP) 
and Other Management Systems 

The market for MRP and other managemerit 
systems is a part of the. overaU marked for 
management software. These systeriis have 
been sold to a wide range of firriis, iricludirig 
metalworking, electronics, arid riiiscellaneous 
manufacturing companies^ firriis which in 
many cases ire unlikely to biiy other, produc- 
tion types of prbgramrriable automation. They 
are sold by computer veriddrs, software 
houses, ehgirieeririg arid dther consulting 
firms, arid service bureaus. Professional 
societies (e.g., the American Production and 
Inventory Control Society) are importmit in 
prombtirig the diffusidri of such systems. 

MRP systems are available pririiarily as 
software packages fbr riiairifrarries arid mini- 

"'•'Newsletter,'* Modem Maiena^s Hwh^hs, April 9, 1984. 



cdriiputers. Sperry Corp., for examp^^^^ 
a riiariufacturing control system with '*rabd- 
Ules" for bill of materials generation and ih- 
veritdry control, manufacturing and purchase- 
order control, materials reqtnrenients plaririirig 
for scheduling, and produetiohibstirig arid 
'*shop-floor contror' functions.^^ Several other 
companies also offer such ihultifaceted^ sys- 
tems. Availability of imniebmputer versibris, 
and more recently microeomputer-based sys- 
tems, has opened the market tb riiore buyers 
^iand sellers. Also, in many cases users develop 
their own systems. Managemerit software 
ranges in price frbm under $1,000 for sirigle- 
functioh, mierbcbihputer packages _ to over 
$250,000 for complex riiultifurictidri **MRP IT' 
packages.^^ 

Many vendors and consultants are hbping 
to iricrease their sales to smaller firms. The 
availability of micro-based systems in partic- 
ular is expected to enlarge the small-firm mar- 
ket. Distal Microsystems, Inc., fbr exariiple. 
offers an MRP system aimed aLcorripariies 
with up to $25 miHibn in sales.^ The systerii, 
offered with traiira includes a local-area net- 
work, MRP software, arid software for office 
automation and business graphics. As this ex- 
ample illustrates, vendors riiay try to riieet 
customer heeds with packages that simulta- 
neously cbmputerize a riUriiber of functions. 
While the erratic prbductidn flow of small, 
bateh-prbductibri firriis riiakes planning for 
MRP challehgirig, the pdteritial fbr increased 
ihvehtbry cbhtrol afforded by such systerns 
may reduce the firiaricial vdlatility typical of 
such firriis. 



"•'Sperry Unveils Manufacturing Control System," Compu- 
terwoM Dec: 12. 1953. 

"•'Micro Software Brings MateHsi Control to the Desk Top.** 
Modern Materials Handling, Jan. 23, 1984: 



Gomputer-Integrated Manufacturing: 
Potential Market Developments 



A separate **CiM market" does riot exist. 
Although users of prbgramihable autdriiatidri 
are achieving greater iritegratidri of their 



equipment, systems, and activities; arid some 
vendors, in turn, are tbutirig their ability to 
implement CIM arid hieet diverse n^s for 
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mahufacturihg ihtegratibh, no one yet sells 
**CIM'' as a total product Jidr has any vendor 
fully implernented CIM. Indeed^ some in in- 
dustry cbhtehd that users are still pioneering 
the application of CIM. If heeds rernaih highly 
ididsyricratic_ 1 which is quite likely) and at- 
tempts at CIM few iri number (which is possi- 
ble), most CIM may be deyelbped by users; in 
that case, a true market will riot exist. Devel- 
opment by users is especially likely for large 
firms; smaller firms may lack the resources to 
develop their own systems (or to integrate pr(> 
duction completely). 

The fragriiehtatibh of PA supply among my- 
riad firriis of different types and sizes may im- 
jpede deyelbpriient of a CIM market, especially 
iri the abserice pf standard equipmeritjahd in- 
terfaces. A spbkesrriari for Caterpillar Tractor, 
for example, has argued that a rriajbr barrier 
to buyirig br usirig CIM is the absence bf 
standard programing larigua^s, data formats, 
cormnunicatiorisprbtbcbls, teaching riiethbds, 
controls, and well-develbped bfflirie prbgrarii- 
ing capabilities.®^ This view is echoed by bthers 
in industry. 

Insbf ar as cbmrhercial supply does develop, 
CIM rriay be prbvided through modular or all- 
at-bhce packages. Modular systems, which can 
be expanded bver time, could be prbvided by 
various types bf firriis, frbm those specializ- 
irig iri brie type bf autbrriatibri to those offer- 
ing a full range bf systeriis. The success bf the 
commercial CIM packages expected tb be of- 
fered in the mid-198b's by Hitachi and by a 
Noi V/egian-West German jbirit venture riiay 
provide a measure of the potential for a true 
CIM market. 

A key uncertainty for a possible CIM mar- 
ket is the rble bf large, "supermarket" suppli- 
ers bf prbgrariiriniable autbrriatibri. The advan- 
tage that riiay accrue tb suppliers bf rriultiple 
fbrriis bf PA is hard tb rrieasure. Iri principle, 
such an advantage riiay exist because bf what 
ecbriomists call **ecbribmies bf scope"— sav- 
ings iri costs in the prdductibri bf related prbd- 

*** Laura Cpnigliarq and Chris tine_ Chi en, * * Computer I n te- 
grated Mjuri_u^^ report of the April 1983 Prudentiai- 

Bache Securities Symposium on eompatef-Integrated Manufac- 
turing. Prudential-Bache Securities. Aug. 2, 1983. 



nets through joint R&D, marketing, compb- 
neht manufacturing, and accumulatiori of 
know-how. The potential automation ''super- 
markets"— GE^ IBM, Westinghouse, et al.— 
have each expanded their automation produc- 
tibri capabilities withih the past few years. GE, 
for exaiiiple--already mt established manufac- 
turer bf industrial eleetrohics (including pro- 
grairirhable cbhtrbllers and local cqmmunica- 
tibris net wbrks)-- acquired Gafcia for computer 
graphics arid Iritersil for integrated circuits; 
fbrriied a jbirit venture with Structural Dy- 
riamics Research Cbrp. tb design and seH CAE 
programing; develbp^ and liceriaed robots for 
assembly, pairiting, welding, and other ajppii- 
catioris; and-deyelbped bptbelectrbmcs for raa- 
chine vision. GE has alsb established a mah- 
ufacturirig autbrriatibri systeriis erigiri^rihg 
unit, and expanded its research capability_ih 
electronics, iricludirig VLSI technblbgy. By 
contrast, Westinghouse acquired Uniriiatibh 
but divested other productibri bperatibris (for 
eNC^parts programing, and tirile-sharirig) iri 
^siuft toward service business and away frbrri 
manufacturing.^** 

Size riiay riot be esseritial for broad PA ca- 
pability. GCA, fbr example, is a relatively 
small producer bfrbbbts (arid other equipment) 
that has established links with Japanese and 
U.S. firms to supply rbbbtics hardware, vision 
syistems, and CAD units; its bwri efforts are 
concentrabed-ori controls technblbgy arid sbft- 
ware development. 

Regardless bf size, kribj^-how wiH be partic- 
ularly iriipbrtant for a GIM market: in the 
words bf a GE represeritative, "The factory 
of the future is a kribwledge game, hot a hard- 
ware gariie."«* Cbrisequeritly, it is likely that 
systems houses arid erigirieeririg consulting 
firms will play a riiajbr rble in providing GIM. 
Such firms have already played ari iriipbrtant 
role in developing markets fbr individual types 
of programmable autbmatibri. They are a cbh- 
duit for applications erigirieeririg arid bther 
services for tailoring available equipriierit tb 



"Bruce V&rny\\ '- Westinghouse Pbiisisd tb Sell CNC. Parts Pro- 
jamming. Tirne-Share Lines.-V Amencan Metal MaTket/MetaJ' 
working News, Aug. ^,^1983. 
. "Jack NomEuri, \'jjnpact of Automation Downplayed." Mil- 
waukee JoumaJ, June 14, 1983. 
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specific needs: Also, they are some times bet- 
ter able to obtain customer confidence than are 
vendors who have a stake in a given product 
line. Because hardware prbductidri is not es- 
sential for eiM "supply,'' some analysts be- 
lieve that nonmanufacturing drganizations 
such as Battelle Memorial Institute, Booz- 
AUen & Hamilton, and A. T._ Kearney may be- 
come important in the CIM market.®' 

Since PA is commonly construed by vendors 
arid users alike to be an answer to riiariufac- 
turing problems ,^ companies who seU many 
types of autojnation and can ihtegrate^them 
may be assumed to have a better ridtidri of 
what constitutes the right solutidn to a given 
production problem, especially if th^ vise PA 
themselves. Because the firrhs that seek to be 
PA supermarkets have each accumulated sub- 
stantial experience with prpgrariimable auto- 
mation in their own production dpef ations, the 
know-how (and reputatibh) with which they en- 
ter the markei might be a critical advantage. 
On the other hand, a cdmbiriatidn of consult- 
ants or service bureaus arid smaller, special- 
ized producers of PA riiight achieve the same 
end. The viability of the latter approach de- 
pends in part bri whether arid when staDndard 
components arid/br iriterfaces become avaflable. 

Computer vendors will likely play a major 
role in CIM supply, given the cbmihbh element 

~'*^G.E. is Seeking tb-Dominate Robot Field," Minneapolis, 
Finance & Commerce DaiJy. Oct. 13, 1983: 



of comput^rizatibh in PA products, and be^ 
cause of these vehdbrs' own experiences Jn 
adopting advanced autbrriated systems. Com- 
puter vendors (arid even serilicoriductor rnan- 
ufactufersj have dembristfated a growing in- 
terest in participatirig iri PA supply generally. 
IBM, for exariiple, recently reorganized its In- 
dustrial Autbmatibri, Graphics Systems Pro- 
grams, and Industry Applications _system 
units into a single Unit to focus the m^age- 
ment of its indUstnal automation business.^^ 
Moreover, the growth of coniputerizatibh 
without iritegfatiori— through so-caHed islands 
of autbriiatidri arid through growth in comput- 
erized riiariagement systems (particularly 
thbse airiled at nonproduction activiMesj— may 
benefit computer vendors by providing both 
a basis for future integration and a rnarket for 
iriterfaces and networking systems. Finally^ 
the overall spread of computerization iri bffice 
is well as production activities riiay corivey 
ari advantage to computer vehdbrs; whb are 
becoming mcreasingly familiar tb riiariagers of 
potential customer firrhs.* 



"Mitcheli Ybrk,:lBM Forms Units for pistribution,Llii<ia9- 
triM Systems," Computer_^3Urns News, Nov. 21, 1983. 

♦Also, AT&T may become involved in this_niarket. 1 1^ 
planned to join with Bailey Controls (division of Babcpck & 
Wilcox) _**in linking commurucations technology withprocess 
control systems^ numerically cohtroUed m maihffairje 
computers, engineering automatipn systems an personal com- 
puters." **AT&T Unit, Bailey Set Linkup in Technology," 
American Meta/ ^JSu-feeC/Afetaijvorfcjiig' iVeJvs, Nov. 21, 1983. 



Themes and 

OTA's evaluation of pro^ammable autbrha- 
tidri industries reveals several broad tliemes. 
These are: ij there has been a discrepancy be- 
tween vendor and buyer views of heeds and 
capabilities; 2j systems planning and other 
services are key features of PA supply, while 
manufacturihg itself plays a srhaUer role; 3) 
vendors are likely to package arid/br distrib- 
ute hardware ahd sbftwarje elements made by 
several firms; 4) both large arid small firms 
have played distinctive rbles iri the develop- 



Gehclusions 

merit of PA markets^ and SJ^bvemmehts have 
had a major influence on PA market devel- 
opment. 

Vendors v. t/sera. --Despite past and pre 
dieted rapid growth rates, key barriers^ fur- 
ther market growth have been: Ij the heed for 
users to learn how to adbpt prbgraridmable 
autornatiqn successfuHy; 2) vehdbr inability to 
fully meet user needs and wjMits; .arid 3) the 
immaturity of automatiori tecKriolbgy, prin- 
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cipally f or system integration. Programmable 
automation seems to require greater customer 
sophistication than conventional automation 
if applications are to succeed. Vendors contin- 
ue to speak of the need for **missiqnaiy work." 
for educating the prospective and actual buy- 
er. The discrepancy between vendor offerjngs 
and user needs liesjbehind the slow start of 
automation J^ndu^tries; it is typical of new 
technology markets. What is unusua^ about 
these markets, however, is the growing role 
of user-producers: companies are developing 
proprietary equipment and systems and in- 
creasingly seeking to market theih (or associ- 
ated know-how) externally. 

Systems and Service.— Automated equip- 
ment can be sold on a stand-alone basis, hnt 
is jncreasingly sold in systems that are tai- 
lored to indiyidual needs through control tech- 
nologj' and software modifications. Demands 
that users plan and adjust their^rganizations 
to accord witji new processes^ow with the 
size and complexity of the installation. Gon- 
sequentiy, vendors undertake sophisticated 
marketing efforts and provide a variety of 
services JioJ;rmn users^to plan for, operate, and 
maintain their systems. Thus, PA vendors of- 
fer both services— the develbpiheht of applica- 
tions, systems, and support fuhctibhs— and 
goods; vendors are hot all mahufacturihg 
firms, per se. This trend resembles conditibhs 
in the ebmiJuter ihdustry generally. Indeed, 
there are sbme firhxs and divisions of firms 
that are strictly service^briehted; they prpyide 
PA cbhsultirig and engirieeririg services. Over- 
all, the prbpbrtibn bf manufacturing activity 
in this ihdustiy is declining as the role of serv- 
ices grows; the absolute level of manuf actur- 
irig activity may also decline due to outsourc- 
ing practices. 

CrosS'f&rtilization. — Licehsirig, butsburciiig, 
mergers and acquisitibhs, liinited-eqUity ih- 
vestrhehts, and joint vehtures have been fre- 
quent means of entry ihtd PA markets. ThesC:^ 
arrahgerriehts enable firms with di^rerit 
strengths to enter markets for complexiprod- 
ucts quickly. They also provide a means for 
distant firms to enter remote markets. The 
cross-fertilization trend for programmable au- 



tomation is symptomatic of trends affecting 
the overall information-procfessing and elec- 
tronics industries. These broad industrial cat^ 
egories have seen a decline in levels of vertical 
integration because new produe^^ ai ebecom- 
i^8L^^r?i^^Pl*^^' PX^^A^^^^'i^hange is acceler- 
ating, international competition is strengthen- 
ing, and product development costs are rising. 

Many cooperative vehtures link firms from ; 
different countries. In particular, substantial 
numbers of U.S. firms license or buy Japanese 
hardware and European software; Japanese 
firms have Ucensed U.S. software recently, as 
they earlier did hardware. Collabqration facil- 
itates entry into foreign jnarkets, especially 
in the case of Japan; local fiipis provide remote 
ones with distnljution 

^?op®??^iY® ventures have thus hastened the 
international dlffusionof PA technology and 
the growth of global markets. 

The lohg-term implications of cross-f ertili- 
zatidh are Unclear. They depend on whether 
firms can and do acquire the strengths of their 
partners and therefore become new, independ- 
ent competitors. Because of this possibility, 
some pessimists characterize coope^^^ 
tures as "Trojan Horses "J;hat may harm do- 
mestic firms in the long run. 

Firm S/ze.— Because Ifiu-ge ah small firms 
offer bbth advantages and disadvantages in 
the PA market, it is hard to predict future ten- 
dencies for industrial structure. Typically, in- 
dustries grow as small, innovative firnis ex- 
pand or are acquired; remaining small firms - 
serve specialized niches. This pattern can be 
seen with programmable automation, but a 
larger role for smaU fems is als This 
is in part because vertical integration is rela- 
tively uncorrmon.SmaU firms niay continue 
to find qpportunitjes^ service bureaus or con- 
sultants. Also, the proliferation of software 
packages and Hmited-fiinction, Ibw-cbst equip- 
ment and systems mayibhtihue tb provide a 
role for smaH firms in PA supply. 

The emergence of standards for components 
and/or interfaces may also help smaller ven- 
dors, even if standards^develop de^acto as the , 
product designs of larger, dominant manufac-r 
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ttirers; This has Jbeeh the .tterh in. the com- 
puter industry. By contrast, large firms may 
offer jnbre experience with applications and 
iriay be relatively well-suited to assembling 
large, complex systems. 

Goxrernmeni JJo/e.--G6vernments have 
played key roles in the development of U.S. 
and foreign markets for PA. As described in 
chapter 9, differences in government roles re- 



flect differences in national context (labor msff- 
ket cdiiditidriSj industrial composition, tech- 
ridlo^ strengths, etc.). The U.S. C5overnn^^ 
f dle has been largely limited to s^^ 
itary programs aimed at nieeting^defense pro- 
curemeiit n^s. Other goyemments g^^ 
have provided mqre_ support for commercial 
PA development and^use, although the effec- 
tiveness of such support is hard to appraise. 
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Chapter 8 

ResearGh and Developinent 



Summary 



A ^de variety of research and development 
(R&D) efforts, ranging from very basic, long- 
term research to market-orient^, short-term 
product development, are applicable to pro- 
grammabie automation (PA). The_ principal 
fields which contribute to such R&D are com- 
puter science; electricid, mechanical, ihdus- 
snd manufacturing engiii^ring; and 
metallurgy. 

_ Both government mdjbdustry are major 
funders-bf R&D aut^wnatiqn^ twlmqlog^ 
The Federal Gx>vernment budgeted approxi- 
mately. $80-milli6n of work in this area Jn fiscal 
year 1984. This work is undertaken in indus- 
try, university, and government laBoratones. 

The bulk of Federal funding for automation 
RftD (roughly $64 milUon) comes fixSmfche De- 
partinrat of Defense (DOD), primarily through 
ite Manirfacturing 

grarn^ This work is aimed at facilitating tech- 
nolo^es that jrauld improve defense produc- 
tion. Dtherjgfencies^inD^ with 
'pbtrat^ ap defense man- 

ufacturing and the battlefield. WMe DOD's 
funding of automation technology R^UOJ&m 
had sbide benefits for civilian manufacturing, 
its prb^ams are not aimed at technological 
developments that would have wide appHca- 
tions outside of defense needs. In^dditidn, the 
technologies develop^ through D0D tend to 
be some of the most cbinplex, usefal largely 
in the advanced aerospace and electronics in- 
dustries. 

Civilian agency programs in automation 
R&D are relatively small. The National Aer- 
onautics and Space Administration JN AS A^^ 
funds work primarily in robotics-related tools 
for use in space, much of which, Kke D0D's 



programs^ is^t the very sophisticated end of 
the technology spectrum and has limited com- 
inerSal spinoffs. The 

* dation (NSF) funds a wide range of more basic 
work related to prbgpranmiable cmtomatio^^ as 
well ashSp^g to establish centers for jmiver- 
sity-ihdustry cooperation. The National Bu- 
reau of Standards' (NBS^ laboratory's the 
Gbvernment*s primfiiry inJiouse performer of 
R&D for manufacturing. Their woA includes 
a lar^scale test arena for computer-inter 
grated manufacturing (CIM) techniques and 
interface standards, known jas the Autbniated 
Manufacturing Research Facility (AMRF). 



Industry iunding for R&D in this area, 
though hsdrd to gauge precisely, senate to be 
heidthy and escdating rapidly, es^RaUy as 
the market for prd^ammable automation de- 
vices becbraes more competitive. The percep- 
tion among technbld^ researchers seems to 
be that industry is * 'where the action is" for 
automation R&D. Industry spending in the 
machine tool, CAD, and robotics industries 
£done amount^ to apptmmately $250 millibh 
to $400 million in 1983. There is also evidence 
of a proiif eration of industiy-university coop- 
erative research. 



I and cbdperatiye industiy- 
gbvemment Jabbratories are a^5 pursuing 
very active PA researeli prb^^ns. J^pan, 
West Germfiuiy, and Sweden— ind to a lesser 
extent the United Kiiigdbm and France— have 
significant research efforts in this area. The 
traditional U.S. lead in develbpmeht bf these 
technologies haB bMn eroded, althbugh the' 
United States is still a strong leader in many 
technical areas. However, Japan has been 
more active than either the United States or 
Western Europe in application of the tech- 
nologies. — 
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Introdueiion 



The aim of this chapter is to assess the cbh- 
text for R&D in pro^ammable autom 
The chfi^iter begins with general backgrbund 
on R&D and its funding, and examines in de- 
tail Federal funding of R&D in programmable 
automation, Industry R&D efforts are dut- 
Hhed, and a final s^tibn brings forth some of 
theiiighlights in international comparisons in 
R&D.* 

**R&D" is often used as a catch-all term for 
a wide variety of activities which iange from 
the most esoteric science (far at the **R" end 
of the range) to the most dbwh-tSearth prod- 
uct development efforts (pure /*D"). And be- 
cause programmable jautbmatibh draws bn 
such a wide variety bf science and engineer- 
ing fields— cbmputbr science; manufacturing, 
electrical, inechanical, and industrial engineer- 
ing; and metallurgy, to name just the primary 
ones— it can be difficult to isolate those efforts 
which shbuld be considered relevant. 

NSF offers the following defthitibhs: 

• In basic research the objective of the 
spbhsbr is to gain fuUer Imqwledge or 
understanding of the fundamental as- 
pects of phenomena and of obsHBrvabJe 
facts without having g)edfic apphcatibns 
toward processes or products in mind. 

• In applied research the objective of the 
sponsor is ta gain knowledge or under- 
standing nwessa^ for deterininihg the 
meansby which a recognized and specific 
need may be met. 

• Development is systematic use bf the 
knowledge or understanding gain^ frbm 
reseaffch, directed toward the production 
of useful materials, devices, systems, or 
methods, including design and develdp- 
meht bf prbtbtj^s and processes. It ex- 



♦Chapter 9 covers foreigitR&D medianisms J[nd mstitnUons: 
The content _qf foreign R&D in autbxhation will be outlined at 
the end of this chapter. 



eludes quality control, routine product 
testing, and production.* 

(Eaassificatibh bf individual R&D efforts into 
such categbrieais bften nbt cbmpletely straight- 
forwardly and involves a great deal of judg- 
" meht. Mbrebyer, this distinction has become 
increasingly less clear-cut in recent decades. 
Science and technbld^ have become harder 
tb differentiate, and uiiiversities have more ac- 
tively sbught industrial funding. R&D efforts 
at all three levels— those considered basic re- 
search, applied research, and developments- 
are important for programmable automation. 

As figure 33 indicates^ the Federal GdVern- 
meht and industry are the two dominant con- 
tributors, tb R&D spending in the United 
States. Universities, State and local govern- 
mehts+ and other honprdfit institutions make 
a small additidri df their dwn funds. Inl983. 
but bf a tdtal R&D pool of p6.5 biliiqn, the 
Federal Gdvemment spent almost $40 bilHon 
or 46 percent. Industiy contributed 
Ubiij df 51 percent. NSF estimates that total 
R&D funding will be $97 biUlOT f or 1984. In- 
dustry overtook the Government in spending 
fdf R&D in 1980, according to NSF data (see 
fig 34). While the Federal Gdvernment's 
spending for R&D has remained relatively con- 
stant in 1972 dollars, industry's share grew 
substantially in real doHars in the 1970's and 
early 1980's. , 

Industry is alsd the doEslnmt |]M|S6rmer o 
R&P, receiving 74 percent pf the total of $86.5 
biUidn in 1983. Universities reoSyed 9 p^cent 
df tiidse funds, and Federal agencies or R&D 
centers 14 percent. 

Within the Federal Gdvernment, tables 63 
and 64 shbw that defense-related R&D is the 
single largest and fastest growing component 

^National Scienos Fojindation, Federal Funds for Reseuph 
and tfev^opmmt: Fiscal Years 198K iM2, and 1983 (Wash- 
ihgton, DC: National Science Foundation, 1982), p. 1. 
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Figure 33 --The National R&D Effort 

Expenditures for R&D = $97 billion, 1984 (est.) 



By 



source 



___By____ 
performer 





Federal Gbverhrheht 



110/6 



Industry 



74% 



Universities >^^*^ , - Other. 
and colleges 3°^ 3°/o hbhprbfit 
^ / _> institutions 



9% 




Research 
.Basic Applied 



Oeveloprtieht 



FFRDCs 




SOURCE: National Science Foundation, prallmlnary figures from Waf/on« Patt&ms of Science end Technotogy lReadurcee, 1063, In preaa. 



of Federal R&D funding. Ndndefense R&D 
spending by the Federal Gdvenunent h&s de- 
clined in real terms under the Rekgaii adiilin- 
istration, primarily due to dramatic reduction 
in nondefeni^ applied research, develc^ment, 
and demonstration activities. Basic z^search 
has j^Ben rdatively heathy, albmt w^ 
shifts in priorities. Defen^ 
estimated at $30.2 biUiqn in 1984,^€Ounting 
for 66 percent of Federal spending for R&D.^ 



The United States has historicaUy sprait^far 
more than its aHiea on R&D. However, figure 
35 shows that fbrmgn eS^^ditttres for R&D 
have grown faster than those in the United 
States. In additibii, both Jiqpan and West Ger- 
many have ^ceed^ the Unitsd States in non^ 
defense R&D aa a percentage of gross national 
product (GNP)« (see fig. 36). , 



'W, _C._Boe8man^ '^U.S, CiviliAn and Defezm Research and 
Development Fnndiiigr Some Ttrnds and Cos^arisoss With 
Setocted InduB&ialized Na&iui," Caoffw^ix^ 
i^^Kejx>rt N6^ 83-1^3, 29, ISM^and Ammca^^ 

/or_ the Advancem^ of Science^ AAAS Report IX: 
Research & Dev^opmeDt, FY i9«5 (Washington, ^JO.i AAAS. 
1984). % 



•Ibid. 



Funding and Performers of R&D 
in Prografflmable Automation 



For purposes of tlus ^tudy^ R&D in pro- 
gTfunmable automation is work which is ceh- 
traUy cbncerniwl with one or inbre bf the tech- 
nologies identifi^ in table 5 in chapter 3. 
Industry and the Federld Gbveni^ are the 
primaiy sources bf funding for such wbrk in 



tile United States, althbugh universities and 
State governments have made smaU contri- 
butions. 



Figiire 37 is i rbu^ map of the performers 
bf R&D related to programmable automatioh. 
The Federal (jrbvernment's interest in such 
wbrk comes fro;th several agencies, each with 
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Figure 34.— National Expenditares for R&D by Source 



Current dollars 



Constant 1972 dollars^ 



Universities 
and colleges^ 



ana cuiiegeb^ t 



.0 

I960 62 




Universities 
and colleges^ 



64 66 



68 70 72 
Year 



74 76 78 80 82 83 



1960 62 64 66 68 70 72 74 76 78 
Year 



80 8283 



^GHP implicit price dellators ur.ed to convert current dollars Ip constant 1972 dollars 

^batc^ arc not nvaiiabic on industry resources tor research m the psychological and social sciences 

^Iricludes Stnt^ and ibcai govGrnrnent sources 

^Oiher nonprofit institutions ' 

SOURCE: National Science Foundation. Science /nd/cafo/^~ JSS? (Washington, D.C.: National Science Board. 1983). 
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table 63.-- Major Components of Federal Funding for R&D* (budget authority in billibhs) 



Fiscal year 1967 
aci4^aJ 



Fiscal year i972 
— actual 



Fiscal year 1982 
actual 



Flsca[ year 1983 
actual 



Curren t dollars: 
Defense'' 

Nbn-Deferise'^ . . 



Space'?. ;;;;;;;;; 

Health" 

Energy'. 

General science" 
Ail other 



Total R&D . 



Conslah} fiscal year 1972 dfoUars: 
Deferise^: 



Non-Defense'^ 



Space'^ 

Health'' 

Energy' . . . ^. . . . 
General science'^ 
AM other 



Total R&D . 



$8.8 
_8.3 
47 

1.3 
0.6 
0.5 

$17.1 

$12.4 

$11.7 

6.6 
1.8 
0.8 
0.7 
1.7 

$24:0 



S9.2 

2.7* 
2.0 
0.6 
0.7 

— 1.5 

$17.1 

$9.2 

%W 

2.7 
2.0 
0.6 
0.7 
V9^ 

$i7:i 



$22:9 
15.8 

""3.6 
4.1 
3.5 
1.5 
3.1 

$38.7 

$9.8 

-S7,2- 

3.7 
1 9 

.1.6 
0.7 
1.4 

f ; 



$25.6 
14.4 
1.7 

4.5 
2.9 
1.6 
3.7 

$40.0 



$10.4 
$6.4 

o;8 
2:0 
t:3 
0:7 
1.6 



$16.8 



Fiscal year 1984 
estimate 



$30.2 

157 

1.9 
5.1 
2.8 
i.9 

4.0 

$45:9 

$11.9 
$6.6 

o;8 
2:2 
1:2 
o.a 

IT 

$18.5 



Fiscal y_e_ar. 1985 
budget 



$37.9 

2.3 

5.2 
2.7 
2.2 
4.0 

$54.3 

$14.2 

$6.6 

0.9 
2.1 
1.1 
0.9 
1 : 6 

$20.8 



^inciudes comlucl of R&D and R&D facilities. 
Includes DOD arid ^ofense activities in DOE. 
"^Includes all R_&0. in defense 

^Reflects AAAS' estimates for NASA less space applic_alions an_d aeronautical nejearcit. ' _ _ _ : 

For fiscal years i9i32-l9i35, Includes health research in HHS. VA. Education, and EPA. Fiscal year 1967 and 1972 based on 0MB data for health research in all Feaeral 
jagetic.Les._ _ 

-Includes NRQ EPA .energy research, and DOE less defense aclivities and general science: 
^includes NSF and DOE general science. 

SOORCE: Arriericari Association ibc the Advajicement of Scjonce, AAAS Report IX: Research & beveiopment. FY r9S5 (yvashlngton, D.C: AAA_S, 1984). AAAS estimates 
based on data from 0MB and Agency budget justlficatioris: Conversion to constant FY 1972 dbltars by AAAS based on OMB deflators. 



Table 64.'— R&D In Selected Agencies* (budget authdrity in rhilllbhs) 



Fiscal year 1983 
actual 



-iscal year_1984 
estimated 



DOp $23,673 

DOE-defense^ 1,975 

(Total defense) (25,648) 

DOE-general science . . . f. . 568 

DOEMBriefgy 2,622 

NASA 2,735 

NSF 1,D59 

NIH....... :....:..:.::: 3,814 

Other HHS 557 

USDA 885 

EPA 234 

Education 102 

NOAA. ..:.:..:..:::;::. 213 

NBS. 94 

USGS 149 

Bureau of Mines 97 

All oJther_ . ... 1,265 

(Total nondefense) : : : . . {14,393) 

Total ..:::::::::::: _ . $4 0: 04 2 - 

^Includes conduct of RSD arid RSD facilities. 



$27,876 
-2,286 
(30,162) 
639 
2,610 
2,971 
1,247 
4,264 
613 
923 
248 
111 
240 
95 
162 
87 
1,533 
(15,743) 

$45,905 



Fiscal year 1985 

._budflei_ 
(proposed) 



Percen 



Fiscal year 1984-85 



Fiscal year 1984-85 
cbrtstarit dollars 



$35,336 
2,522 
(37,858) 
745 
2,499 
3,466 
1,427 
4,356 
597 
926 
. 280 
107 
167 
103 
148 
69 
1,555 
(16,444) 

$54,301 



+ 26:8% 
+ 10.3% 
( + 25.5%) 
+ 16.5% 
-4:3% 
+ 16.7% 
+J4.4% 
+ 2.2% 
-2.7% 
•+0:4% 
+J2.7% 
-3.3% 
-30.4% 
+ 8.2% 
-8.6% 
-J1.0% 
+ 1.5% 
( + 4.4% ) 

+ 18.3% 



+ 20.9% 

+5.3% 
(+19.8%) 

+ 11.3% 

-8.5% • 
+J1.4% 

+ 9.2% 

-2.4% 

-7:0% 

-4.1% 

+ 7.6% 

-7.5% 
-33:5% 

+3:5% 
-12.7% 
-24.5% 

-3.0% 
(-0:3%) 

+ 12.7% _ 



SOURCE: American Assocl_flt'9"_ (Pr Ih^ ^dvancernent of .Sqjenci 
Data for Spiacial Analysis K," as revised, and agency 



Gi AAAS.BeportJXLBesearch s Development, 
budget Justifications. 



FY imS (Washlnoton, D,C.; AAAS, 1984), using "OMB 
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Figure 35.— Natlprial Expihdltures (or Performance 
of R&b* as a Percent of Gross National Product by 
Country 



Fifjure 36.— Estim 
Expenditures to C 
Selec 




1961 63 



^ rosa expenaituMi for perfoniianc^ of BfiLp^^^^ Piysital expend- 

Itures, except fo_r the United States where total capHal expenditure data are not 
available. Eatimatea for the period l972-8b show that their Idclualon would have 
an Irhpact of ieaii than one-tenth of 1 percent for each year. 

NOTE; The lateat data may be praii"i'n«iy or estknatwj.^ 

SOURCE: NailobalJScJeocePQuiidatlomSfir/ftrice /rKy/cafofs—/Sa? (Washington. 
D.C.: National Science Board, 1983). 



different apprqacfies and goals. DOD funds 
very substantial amounts of R&D in automa- 
tion tecfinolo^— primed in industry labs— 
both to save tbe Gdvernment mopey on its 
purchases of manufactured goods, and to 
develop technologies which may have appli- 
cations fbt jnanufactunng or in battlefield 
situations. NBS, under the auspic^ qf the De- 
partment of Cbimnercej pursues automajd^^ 
research because of the stahdmrds said meas- 
urement issues involved, and as a restdt of a 
longstanding mandate to investigate various 
aspects of cpmpufer technolo©^. HASA looks 
to automation technologies to help plan and 
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Figure 37.— The Range of Programmable Automatlbn Research and Development 





2 DAHPA = Deterise Advanced Research Projects Agoncy. 

3 IMIP -J l.nduslriaJ_MadarxitzattoriJncentrve Program^ 

*^ 'i^^P ° L^I^Qfated Program (or Aerospace Design. 

5 MCC « Wicroelectronics & Computer Corp. 
_ SRC * Semico nducior Research Corp. 

6 CAM I a Computer-Aided Manufacturing— InternationaK 

SOURCE: Oihce of tochnblbgy Assessment. 
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_ As the secbhd column of figure 37 displays, 
the major players in R&D in industry are 
those who make automation technology and 
those who Use it, categories which have merged 
to some extent (see ch. 7]l. In addition, coop- 
erative interindustry research efforts play a 
small, though perhaps inCTeaang^role^ As wiH 
be discussed below^ industry spen^g on 
automation R&D is hard to gauge accurately 
because somejriyately held fnms do not di- 
yulge the inf qmatlon;^^^ larger companies 
do not disag^egate the portion of their R&D 
budget spent for prograntrtiable automation. 

Universities (column 3) pursue automation 
rese^ch through a handful of traditional de- 
partments, and in ^me cases through ne\v au- 
tomation research labs and/or cooperative ef- 
forts with industry. They are still tte centers 
of basic research, although they are increas- 
ingly working on applied research and even 'de- 
velopment topics. 

Finally, several other independent laborato- 
ries Icblumn 4) have played key roles in auto- 
matibh R&D, and one association of various 
industry, gpvernipent, and foreign interests— 
Computer Aided Manufacturing-IntCTnational - 
(CAM-D— funds research projects at univer- 
sity and industry labs, and in some cases 
serves as a forum for technolo^ transfer be- 
tween compaiiies or from universities to in- 
dustry. 

The remainder of this section describes in 
more detail the particular programs and levels 
of funding Undert aken by the primary spon- 
sors of prr^v^fiunmable automation R&D— gov- 
ernment and industry. 

Federally Funded R&D Ef forte 
The Department of Defense 

MBnufaciming Techholc^.— The bulk of 
DOD's automatioDL technology r^earch is con- 
ducted under its Manufacturing Techhplpgy, 
(ManTech) Program, which is funded at $200 
rmllion in^fiscalyear 1984. The Army, Navy, 
and Air Force's allbcatibns within ManTech 
have been somewhat unstable over the past 
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few years^* dthough SOD plans a substatf 
tial increase in all MmiTech funding within the 
next few years (see table 65). The goal of the 
program is to develbp and apply productivity- 
enhancing manufacturing technblogies, pri- 
mary to military cbhtr actors. ManTech also 
attempts to actively transfer manufacturing 
technblbgiea to industries jibt necessarily in- 
volved in military wbrk.** 

Although the Pentagon has been involved 
ijQ manufacturing technology for several dec- 
ades, the current ManTech program essential- 
ly began in i960. It has helped develbp and 
apply several KstoricaUy significant technbl- 
ogies, including numerically cbhtrblled ma- 
chine tools and the APT language for those 
tbblsi as well as calculatbrs using integrated 
circuits. 

ManTech projects aim for a grey area be- 
tween appli^ research; development; and ap- 
plication. Although the program purports hbt 
to- "develop" technblbgy^it hbhetheless cbn- 
tributes^to that process. The standards of tKe 
pro-am require that the projects are techni- 
cal^ feasibfe, generically applicable^ and have 
a level of cbst and risk such that private in- 
dustry canhbt br will hbt fund the work. 

ManTech contracts^th industry to (in its 
terms) "procm-e" a manufacturing prbcess 



__ pfiirticular, the Army's ManTech progpra^ suffered a sub- 
stanUal cut in i983_Smds_whe^^ House Appropriations Sub^ 
committee on Defense decided th^t Army ManTech did not bch 
long in the procurement budget, but rather in R&D. The 
subcommittee cut the entire amount (SI 10 million^ requested 
in thej)rpcurement^te^ but later restored $50 inillibn_in 
R&D funds. Pentagon officials argue that although Ma^^ 
does look like R&D in some respects, it is better, for thei)rp: 
gram to be administered in procurement, where managers are 
mora likely to be ^miUar mth manufacturi^ As of early 1984, 
the_8ubcoinjmittee Jiad persu^ed DOD to put the biilk of 
ManTech F\mding bJRAP.ISere spiM woriy that R^ 
ing may he more, unstable, however. (Lloyd Lehn, ManTech Pro- 
gram Offi«>r« The Pentl^n, personal, comraonications.) 

♦♦The General Accbiihtihg Office (GAO) ha^^dcued the 
MjmTech^pro^am for hav^^ inadequate dbcimientatibh of the 
effectiveness of its techjaqyqe:^_W r*Manufactiir- 
ingiTechsology— A Cost Reduction Tool at the Department of 
Defense That Needs Sharpening^-' September 1979). As the 
Pentagon conches, Mahl^ch st^ often do not know to what 
extent jndustn^pick up.tochnologiM c^^^ P"^ 
gram. GAO plans to publish an update of that report in the 
spring of 1984. 
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Table 65.— Fundi ng for the DOD Manufacturing Technology Program" (In mlMlonsj 



1980 

Arniy 68 

Navy 14 

Air Force 56 

T ot a l 138 

^As of January 1984. 

SOORCE: Department of Defense. 



76 
12 
66 

154 



Fiscal year 



1982 



1983 



95 
29 
86 

210 



41 

32 
59 

132- 



1984 



86 
57 
57 

200 



198 5 ( p re Mmiriary) 



81 
68 
62 

211 



that ehharicespartiailfiff DSD manufacturing 
appUcations. For example, the Air Force Man- 
Tech staff might decide that soldering of par- 
ticular printed circuit boards cbtdd Be auto- 
mated if someone would apply pyi ir^g g/^ldertng 
and computer control technologies and build 
an interface between the computer and solder- 
ing machines. The Air Force would resquest 
competitive bids to do this wbrk^ and would 
^'hen establish a contract and a sch^ule with 
a particulw* firm. (ManTech did, in fact, fund 
*'fi®_?P^P^^^l^P a wave soldering machine 
f or print«ljarcuit b^ used in several weap- 
ons systems. The new pr^^ claimed to 
save $1.1 nnliion per year; ManTech 's invest- 
ment was $456,000.)* 

. Of $200 miUion in fiscal year 1984 funding 
for ManTech, $56 millibn is cbncerhed with 
coniputer-aided mcmuf actiiring. Other techni- 
cal areas funded by MjanTech indude electrbh- 
ics^inspection and test techniques, prbductibh 
of metal and nonmetal parts, and ammunitibh 
production. Pentagon directors of the prdgrarn 
estimate that the vast majority of ManTech 
funds are spent for H&D in private industiy-^ — 
100 percent of Air Force ManTech funds, 75 
percent bi Navy funds, and SOpercent of the 
Army's. Rbughly 4061 to 500 projects are ac- 
tive at a time, cbvering an extraordinaj^ range 
of subj^ts frbrn j-bcket nozzle improvements 
to ambitibus efforts to integrate pro^fion- 
mable aiitbinatibn devices. 

The latter me the mbst relevant to this 
study. The Air Force began its Integrated 
Cbmputer- Aided Manufacturing^ji pro- 
grain in 1978. It is the largest single expendi- 



ture in ManTech, fund^ at $18 million in 
1983. It is also one of the mbst prbminent and : 
broad-based efforts inprbgrammabLe automa- 
tion systems R&I>7-IGAM has develbped "ar- 
chitecture^'' for the structure and cbnltrbl of 
autoniated manufacturing, and it has funded 
a variety of work on the foundations bf CIM. 
leAM is being phased out as a separately 
budgeted line item in the Air Force ManToch 
progpram, though the program's directors in- 
tend to continue work in integrated maiiufac- 
turing, 

llie Anny's ManTech pjrc^am has ^similar 
proj^t clearly related te programmable autb- 
mation: Electronics Computer- Aided Manu- 
facturing (ECAMj. It is similar in cbncept to 
IGAM although newer and much less Junbi- 
tious in scope^t aims to develop CAM tech- 
niques for dectronira^ sp^ifically for the small 
batch sizes of electronic^ devices which are 
often needed in a military environment. 

The Navy has bron slower tb pursue auto- 
mat^ manufacturing technologies, in part be- 
^causBLof the immense prcHiUc size and often 
rastom jproductidn environm in shipbiiild- 
ing operations. Hq^^ has l^n sUb- 

st^tiS progress in recent yew^^ particularly 
in robotic welding in shipbuilding.' 

The Army, Navy, and Air Fbrce ManTech 
programs are cddrdinated by a Manufactur- 
ing Technology Advisory Grbup (MTAG), 
which has representatives from each bf the 
Services, the Pentagon, other Government 



Allen and L. L. Lehn» Technology Area VescnpUon 
of the Manufacturing Te^motogy Pivgram, Jiiiie 30, 1983 (a 
Pentagon publication): 



'See^ Ad Asaesammt^f Maritime Tre^e and TechnoTo^ 
(Washington. D:a: Cbhgreas, Of&x o{T&c^l<^ A^mb- 
^^^^'^'^^^l^^^hJ^^ ?J3w3u, '^Navy Man to Focus 
^.Pro on Shlpbullc^ American Meted Maj^et/Mete^work- 
Ing News, Mar. 12* 1984. 
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ageneies ; and defense-related industries. 
MTAG and its subcbnunittees suggest areas 
for MahTech prbj^ts, help avoid duplication 
of effort; and conduct conferences and dem- 
onstraUons .which help transfer ManTech-de- 
veloped teclmbldgies to industry. In addition, 
MTAG serves as an informal coordinatteg and 
inf drmatibri-gathering body for automation 
R&D in other Government agendas and indus- 
try. B(^bhd its function for DOD, it is the bnly 
established forum in which key representa- 
tives from defense-related industry and Gbv- 
ernmeiit agendes meet regularly to discu au- 
tomation R&D. As such; it facilitates sbme bf 
the ihfdrm^Q networking md develbpineht bf 
consortia that occxirs among Gbvernmeht and 
industry programmable autbmatibh experts. 
Aj)prdximately 200 representatives serve on 
MTAG and its subcommittees, rbughly 80 per- 
cent from DOD and the military services, and 
lb percent each from other Gbverrimeiit agen- 
^ cies and industry. 

Until fiscal year 1982^ DOS conducted a 
prbgrairi within ManTech winch helped ma^^^ 
ufacturers pay for implementing hew manufac- 
turing technob^es, including many bf those 
develc^^ in ManTech projects. This Technol- 
ogy Modernization (TechMbd) prbgram— Used 
primarily by the An- Ebrce— has how been re- 
labeled the^ Industrial Mbdernizatibn Incen- 
tives Pro^mn (IMIP), and separated from 
ManTech funding. (The rernbval of TechMqd 
from ManTech was bne bf the reasons for the 
dip in ManTech funding in fiscal year 1983, 
along with disagreements described in foot- 
note; p. 314).JSome in industry have mrgu^ 
that many bf the technologies explored m 
ManTech are rather esoteric, while those m- 
volved in the TechMod or IMIP efforts seem 
to be mbre practical. 

IMIP is used to supplement cdst-reimbi^s- 
able contracts— prbciirement agreements with 
no fixed dollar amburit; the firm bills DOD for 
its materials and services. Such cqntracts are 
used for most rnajbr procureinents at DOD to 
insulate industry frbrb the unpredictability of 
buildihg massive weapons systems. Under 
IMIP, DOD helps pay for installing new man- 
ufacturing technology because it expects tb 



reap the benefits downstream in lower reim- 
bursable cbsts. Although all three services 
have a mandate to use IMIP, the Air Force 
cbhtihiies to be the primary user of the pro- 
gram, with $83 million budgeted in 1984.^ 

Other BOB I^€^ams.^Tyfo other agencies 
within DOB fund longer term, more basic re- 
se^ch efforts related tb autbmatidn t^hnolo- 
gies. The Defense Ad vaiiced Research Projects 
Agency (DARPA) has a program in IntelHgent 
Task Autbmatibh (ITA), which funds robotics 
research with bbth mahufactiiring and no- 
tary {i.e.. maintehahce, logistics, and weapons) 
uses in mind. Thr^ major initiatives are under 
way:'' 

• DARPA arid the Air Fbrce materid^ 
Sffe jbintly funding a "Systems Integra- 
tion and Dembhstratibn" project, in 
which two ebmpeting teams of contrac: 
tors are perfbrming applied R&D that 
may **lead to quantum jumps" in robotics 
teehnblbgy. One team, headed by Honey- 
well, is attempting to develdp a coordi- 

hat^ dual-annTt)bot--i.e;vii^^ robots 

operating in sequence, as is dready found 
in industry, but dual arms that can work 
together much like hxinoan arms. Another 
team, headed b^ Martin Marietta, is 
working onji jjrqgranmiable asserabty ro- 
bot which would make extensive use of 
sensors, enabling it to cope with relatively 
disordered mcmuf acturihg situations such 
as bins of parts. These projects are 27- 
month efforts funded at $1.6 million (to- 
taij in 1984. DARPA aims to evaluate the 
research in early 1985 and to continue 
more intensive wbrk with one of the two 
teamsL 

• DARPA budpted $1.3 mimon in 191^^^ 
work in sehsbiy cbhtfol. This includes 
work bh 3-dimensidhal vision^ sensing at 
Carh^e-Mellbh Universi^^d fltrasoh- 
ic imaging at Rockwell International. Th^^ 
latter is intended primarily for hbnman- 
ufacturiiig military needs. For example. 



•b. R©ev^,8taff_eng^^^ IMIPJftrbgram. The Pentagon, per- 
sonal connnuniiiation, Feb_._iOL_i984; - 

'W. Islef. ITA program officer. DARPA. interview. Sept. 2. 
1983. 
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yisibh systems are of little use in smoke, 
fog, or darkness bh a battlefield, but a 
sbund-bas^ system could (construct im- 
ages based bh the way objects reflect 
sound waves. A third prbjeet in this cat- 
egbiy invblves tactile sensing at Case 
Western Reserve University, where re- 
searchers hope to cbmbihe cbhveiitibhal 
touch sensors with what they call a hap- 
tic sensor, which would send feedback to 
the robot cbntrpUer abbut the state bf 
"elbow" and ••shoulder" joints. 
• Finally, $6bb,ddd is budgeted in 1984 for 
work in advanced mechanical design bf rb^ 
bqts^ This primarily involves develbpihg 
fightwdght, flexible structures (most like- 
ly from composite fiber materials), as well 
as control systems and sensors which 
would allow controllers to direct the mo- 
tibh of such arms without backlash, and 
establish the position of flexible arnis 
under various loads. 

inside frorri these prdje^ in the ITA pro- 
gram, DARPA has been the dominant fiinder 
of general artificial intelligence (AI) research, 
and has proposed an extensive new program 
caHed '•Strategic Cqmputing^^^^^ in AI 

and advanced computer architectures. Con- 
gress haaap^pf opriated $50 mUlion for the pro- 
gram in fiscal year 1984, and DAftPA plans 
to spend $600 million total between ^984 and 
1988. The progrim aims for advanced applica- 
tions bf A I techniques (weapons systems in 
particular) and alsb includes some develop- 
ment bf ••sUpercbmputers/' machines like the 
CRAY and CDC Cyber which can process more 
than 100 million ihstructibns per. second. 
Though this work is nbt aimed specifically at 
manufacturing, it may ultimately (in future 
decades) have some applicability for cbm- 
puterized systems. 

There may be sbme uses for super computer s 
in manufacturing, althbugh currently only 
CAD and, to some extent, machihe vision, 
need substantially more prbcessing power. 
Other autoix^ation systems may, as their so- 
phistication increases, also require mbre cbm- 
P^^^^ ^^wer, but the supercomputer is not 
likely to be the answer for many of these prbb^ 
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I^^s Jbecause of its muitimiiUon-dbilar price 
tag and because hierarchical brganizatibn of 
factory computer jystems is more likely thaii 
reBance on one hu^ machine. SujRBrcomputers 
currently cost roughly $5 mUlion to $15 
million. 

The second DOD agency _fundihg:_autbma- 
tion research is the Office bf Naval Research 
(ONR), whose manufacturing science prbgram 
has two components:® 

• ONR has awarded grants to Stamford, 
North GarbKna State, Purdue, and the 
University bf Mscn^land (totaling roughiy 
$1.2 millibh per year) far work in precision 
engineering. These projects respond to 
increasing heed for precision in mac&m- 
ing and high-quaUty :siirf aces^ especially 
for weapons systems and bptical instru- 
mentation. There are alsb a few hbnmili- 
tary applications, sUch m mfimufactiiring 
of computer disk drives. In general,^ this 
research aims to develop machine tools 
??dj)ther devices which can position and 
shape part surfaces within a tolerance bf 
less than one ten-thq^^ 

• Four other^research efforta are imder way, 
at a total funding levej of approximately 
$606,066 per ye£^, in a variety of topics, 
including 3-diTnensional vision, adaptive ' 
control of grinding and pofishing tools, 
and automated process plmmihg. 

ONR also supports: 

• A ••si^ifQ focusj)rbgram in robotics," 
spending abbut $1 millibh per year total 
on a variety bf topics, and emphasizing 
••intelligent rbbbt" projects similar to 
DARPA 's. 

• Feasibility studies and plans for flexible 
manufacturing systems, at $800,000 per 
year. 

• Man-machine interaction research, at 
rou^ghly $500^0^^^^ , 
aimed at^ optimizing computer systems' 
power and ease of ^se for Immems, in- 
cludes use bf videodisks and mukimcdia 
presehtatibhs, advanced color graphics, 

*E. GiaubersoD and A. MeyerowiU, ONR, interview, Aug; 10, 
1983. 
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and impfovernents in ease of use for CAD 

geometric modeling systems. 

• General AI research, at about $2.5 mil- 
lion per year. 

The Navy has also begun a robotics program 
at its Naval Surface Weapons Center in Mary- 
land. TTiat pro^aum, bud^Bt^ at ^pr^imate- 
ly $4 million per year, is auned at robotics uses 
for the milita^, such as maintenance, testing 
and support of Navy equipment.* 

Suwihaiy andi^ndusipnsipOD^ 
summarizes DOI) funding of programmable 
autdmatidn R&D. It is clear that DOD sup- 
ports a substantial amoimt o/R&D efforts re- 
lated to programinableTBUtomation; Wfafl^ 
DOD's involvement in this ar^a has had sig- 
nificant spinoffs and has led industry to pur- 
sue certain aspects of automation^ it would be 
misleading to conclude, that DQD'a inv6lvj&- 
ment in tWs area constitutes a focal pdiidt in 
the Federal Government for generic R&D in 
automation technologies. 

First, DOD's projects are mission-oriented 
in ways that limit their appUcabiUty to non- 
defense manufacttiring. The vast majority of 



♦Toin McKnSght. Naval Surface Weaj)db8 Ceiiter."persohaI 
cbmmujiicatidh, Feb. 10. 1984. 



ManTech projects, for example, are designed 
to produce a very specific technblbgy to im- 
prove a particulS defense manufacturing proc- 
ess. Many of these manufacturing applica- 
tions, especially those involving ammiinition, 
weapons, or armored vehicles, are unique to 
BOB. SdmeJManTech-develc^^ technologies 
c^m be modified for commercial use, although 
there^ia some question about the effKtiyeness 
of DOD's attempts to promote such technol- 
ogy transfer.* 

Llke^se, most of DQB'sjnbre bMic work, 
such as that funded by D ARPA and ONR, is 
oriented toward miHtary apphcatidns. A 
pARPA ofgSal explainai, "We dpn^t have a 
mandate to be pushing manufacturing . . . You 
don't haveib be i wild-eyed Strangeldve to see 
the possibilities [for use of robots in battiefield 
support]," In many cases there ai-e commdn- 
aKties between military and cdmmercial appH- 
catibns of autdmatidn technologies: A robot 
that could navigate a battiefield could jdso 
make its way t&dugh a cluttered f actoryj a 
miachine tool that can meke very predse paots 
for weapdns systems can isojnake ve^^^ 
cise parts fdf computer disk drives^Neverthe- 
less, R&D oriented toward military appliea- 



*General Accounting Office report, op. at. 



Table 66.— Sammary: DOD R&D In Programmable AUtomatl^^^^ Fiscal Year 1984 

(In mljiionsj 



$56.0^ 



3.5 



Mariufadturing Technology (WanTBCh): _____ 

Army, Navy, arid Air Force including $20 million for Air Force's ICAM 

program _• — * * * -* ^ ^ ^ - 

Defense Advanced Research Projects Agency (DARPA): 

intelllge^niTasK Mtpniatlpri P^^ 

Systems Integration and demonstration 1-6 

Sensory control • 

Advanced mechanical design 0.6 

DARPA total , . - • • • ^ ::::: : 

Office of Naval Researc^^ (ONR): 

Mangkciujing.S^cience Program: - 

Precision engineering A| 

Other topics O p 

Special focus prbgfam In robotics 1-Q 

Man-machine Iriteractlori 0;5 

FlexiWe manufacturing systems • • • • • 0.8 

ONR total 

POP total ^. 

«Note: The total ManTech bud get for fiscal year 19S4 Is approximately $200 million. Of that total, approximately J56 million 
funded work In PA. 

SOURCE: Department of Defense, Defense Advanced Research Projects Agency, Office of Naval Research. 
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tions hM a much higher payback^or defense 
than for nqndef ense commercial applications. 
Trmsfer of computer-related technologies 
from DGD to ci\alian appUcationa is mcreas- 
ingly the exception rather thmi the rule. 

FinaHy, there is a set of D0D-spdnsored ac- 
tivities, such as IGAM and EGAM^ which are 
neither direct^ toward a v^y specific defense 
ibahufacturing process, hbr exclusively ori- 
ehted toward military applications. These 
have helped develop substantial automation 
techniques of fairly geneiic applicability. Hbw- 
eyer, these programs, like most of the Man* 
Tech, DARPA, and ONR prpj^ts, tend to 
apply to, and be useful for, only the most 
sdplUsticated of cturent manufactti^ In a 
manufacturing sector which has diQy a small > 
fraction of its machine topis equipped with 
numerical control, ICAM's hierarchical archi- 
tecture for an inte|^ated, automated factory 
may seem to some like science-fiction. More- 
over, because of DdD's close rdationship 
with certain supplier firms; technologies de- 
velpped under prograrasj^ 
be trmsfeired to the S(g)histica^ aerospace 
and electronics industries. 

^ _. 

in snmma^, DQD's R&D in prograrmnable 

automation serves several distinct pmrpbses. 
It pujrpbrts to save the GbvOTunent a substan- 
ticQ ambtiht bf rnbhey in prbcurezbent funds; 
it makes advances in certain technblbgies 
available for cbmmerdfll eaplbitatib 
ly for high^nd users; and it advances the state 
bf automatic technblb^ for many military 
pilrpbses, with some side benefits for nbnmil- . 
itaiy industry. DOD has had a significant im- 
pact on the directions for automation R&D in 
civilian industry, and ManTech's MTAG 
group also servies as a coordination and inf or- 
mation-disseniination forum 
Goyerament. However in 

general-purposeayenue for "wodely appEcable 
R&D in programmable automation; 



Civliiati Agency Progfams 

Three civilian agencies have substantial re- 
search interests related tb autbmatibh technol- 
ogies: NBS, NSF, and NASA. 

^^iiPP^Bl^^^Pl^^^^'^Fi — Under the 
auspices of the Department of Commerce, 
NBS Center for Mmufactu^ 
conducts a considerable amount of automa- 
tion-related reseatrch; As table 67 indicates, 

NBS' wo^ in au tarnation has gr<>WBbMpidl)^ 

over the past few years, to a $7.55 tcollibh prb- 
grani m 1984. The budgetJor automation re^ 
search ia small part bf NBS' tbtil budget bf 
$120 millibh, and it is also small cbinpared 
with. DOD's budget for autbmatibh eflPbrts. 
NBS has two labs, one in Mar^land^and an- 
other in Cblbradb,, working on issues ranging 
frbrn fire and constrUctiph codes tb evaluating 
computer systems for Federal purchase. 

NBS^mandate for involvement iiprb^am- 
ihable Automation R&D is thfeefbld^ First, it 
is intended to be a catalyst for standar :-de- 
velbprheht acti%dties in industry; Star itirds 
for cbmputerized devices— in pjurticular ibr in- 
terfaces between such devices— are sbme of 
the mbst prbmiheht issues in the standards 
area in this decade. 

Second, NBS is keeper of the standards for 
measurement— the agency still keeps the offi- 
cial yardstick and thousands of other official 
meastireniehtJtandafds in its vault: As part 
of thisLrble, NB5 has alsb become involved in 
R&D for such PA devices as programmable 
* 'coordinate measuring machines ' ' and bther 
electronic measureineht devices that ire in- 
creasingly us^ for quality cbntrbl. NBS must 
have the capability tb certify the accuracy bf 
such machines, and it therefore performs R&D 
on methods of measurement and methods of 
using the measurements to improve quality 
inj5rociuction. NBS officials believe that the 
ultimate trend in manufacturing, facilitated 
byjprogranmabte aut^m toward fac- 

tories which ''cannot make a bad part." That 
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table 67^— Automation Research, National Bureau of Staridards 



Year 



Appropriation 



Reimbursabte* 



Total 



Staff (FTE)^ 



1979 . . : 

1980 

1981 :::::::::::: 

1982 

1983 , , . , , , . . . 

1984 (es_timat_ej\ , . 

1985 (preliminary). 



$1,150,000 
1,850,000 
2,450,000 
3,850,000 
4,716,000 
3,85d,CK)d 
3,900,000 



$ 100,000 
100,000 
100,000 
- 66,000 
2,475,000 
3,700,000 
4,800,000 



$1,250,000 
1,950,000 

2,65g,()dd 

3,916,000 
7,191,000 
7,550,000 ; 
8,700,000 



^R&O contracted by other Fftierai agencies, primarily the Department of Defense. 
''Foli tirh^ equivalent. 
, SOURCE: National Bureau of Standards. 



12 
19 

25 
39 
65 ; 
75 
75 




this latter work became part of a program on 
factory automation technologies. 



Ptjbto cretin: NaOonal BureBU o f StahUar^ 



A COO rdi n at 8 m 8 as u ri n g cn ac h I n_e g nd e_r50 es 
calibration at .)he National Bureau of Standards 



is, with various electronic measurem^ 
vices present in the production process and 
coimected electromcaUy to PA control com- 
puters, the production fine coflid s^nse minor 
variations in dimensions before they became 
a defect, and thexontrol computes could send 
a signal to the production machines to correct 
the variatibh, or shut down the machine for 
rhaintenahce. / 

Third and finally, the Department of Gom- 
merce was mandated by Congress in 1965^o 
iwommend standarfs for the Fed^^^ 
ment's prociirernrat and use 
to carry out supportingresearch in the science 
and technology of^utomated data process 
Acting oil those mandates, NBS began work 
in the early 1970's on computer interfaces, in- 
cluding those involved with ebmputer-con- 
troUed systerns such as robots. Subsequently, 



Among the BghKghts of NBS' autbmatibn 
R&D: 

• In 1^79, NBS received ft^ 
Air Force ICAMsmd qthe^ sources to de- 
veioj) a set of standm'ds so that^different 
brands of rongputo^fi^^ design ^sterns 
could communicate with one another. The 
stand^ds, caUed IGES (Initial Graphic 
E xch ange Standards), specify a ebmiabh 
format for geometric data, essentially a 
lowest cbmmbtt denominator fcsr CAD 
systems. I^icalfy, the operator of a CAD 
system can ebminaiid lids7her syst^ to 
translate a drawing from the jirbprietary 
stbrage format bf the CAD manufacturer 
to the IGES format and record the IGES 
data on a mimetic disk^ which can then 
be read a different CAD system and 
reconverted to the second system's pro- 
prietary format. _ _ _ _ ^ 

IGES was released in a jgreUminaiy 
form in 1980, and 

manufacturers iuTecor d time, according 
to NBS resefiffchers^ They speculate that 
the reason for this rapidity was that the 
GAD industay was ''hurting'' fiir a stani- 
ard— that is, customer cbmplaints and 
dissatis&ction about the inability to ex- 
~ chan^ ij^awings between CAD systems 
hurt gales and limited pbssible applica- 
tions." 



'^RobertHocken, chief, Automated Production Technology 
DivMldn, NBSr persosaLcommoniciition, Oct. 5, 1983. 

i^Rbbert Hocked, Chief, Automated Production Tedmoloj^ 
IHyision, N6S; DTA Automation Tedm^bgy Workahbp. A aec- 
ond and third version of IGES have been launched, building 
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• With funding assistance from the Air 
Force and Navy^ ^IBS researchers are de- 
signing and assembling an Automated 
Manufacturijng Research Facility 
( AMRF) to serve as a laboratory for vmi- 
bus kinds of GiM R&D. The facility is be- 
mg constructed in a portion of the NBS 
machihihg shop in Gaithersburg, Md^ 
which produces rou^y $2.5 imttron 
worth of parts annually for use by NBS 
researchers. PA e^iuipmeht manufactur- 
ers have donated several key pieces of 
equipment for the project that are, in 
some cases, more advanced than commer- 
cially aymlable products. In this project, 
as in others in NBS automation R&D ef 
forts, industry has loaned technical staff 
to work at NBS for a fixed {^HchI of time. 
In retira, the firm gets firsthand knowl- 
edge of NBS R&D and enhanced dppdf- 
tunities to transfer techndldgies devel- 
oped at NBS to their ovra labs. The 
AMRF is constructed from "off-the-shelf" 
hardware (i.e.^ the machine tools, robots, 
?^^_^ther devices are bought from or do- 
nated^by rnmiufacturers froin their prod- 
uct liries) beqause^NBS argues that it is 
software and interface systerns, not hard- 
ware, which need to be developed further 
to erihance possibilities for automated 
rriariuf aeturing. In addition, NBS officials 
working with the AMRF are emphasizing 
the possible applications of atitojnated 
techridlbgy for the large nuinber of small 
machine shops which fabricate parts in 
batches top small for cbnvehtibnal autb- 
ixlatibh, but large ehbugh tb enable the 
use of PA.* 

• NBS researchers also ptlrsu 

of R&D\related to specific PA technolo- 
gies, including important work in the use 
of structured light for 3-D yisionper cep- 
tion, siriiulation of fKtqry op^ and 
control systems for automated factories. 



on the initial version^ anSjiialcers of30 CAD systems have ah- 
hbuhced that they subscribe to IGES. ("IGES Version Aocom- 
modates _Modelers^" Americmi Meted Market/Afetal working 

Ne^s, Vec. 13, I982j. . 

♦OTA site visits, AMRF/f^BS, Apr: 18, 1983, and Nov: 14, 
1983. 



^BS Staffers also con trdb^ standards 
efforts by servmg on arid helping to 
the mray private sector standfffds committees 
working on automation issues. 

National Science FoundatioD.^N SF also 
plays a significant role in funding of ailtoma* 
tion research. Because of its interdisciplinary 
iiptiire, several diffe parts of the agency 
contribute to tins 68 highlights 

some of the programs within. NSF which fund 
P A research^ NSFha^^ ratioriaiize and 

coordinate its funciing in this^ area by estab- 
lishirig in 1981 a Coordinating Corn^ 
R«searchj>n IntelHgent^ltobotic Systerns^and 
by issuing in 1983 a "Progremi Armoimcemerit 
in Intelligent Robotics Systems and Atito- 
mated Manufacturing," which sets forth the 
possible avenues for funding. 

The Production Research Pro|^am in the 
Engirieering IDirectorate* is directly focused 
on jrqgrarriniabie automation for discrete 
manufactinMg. This progTM has grown 
rapidly in the past 5 years— from $2.3 rriillion 
in 1980 to $4.6 milMon in 1984— but js stiU 
relatively small. Although exact figures Bxe 
not available, NSF officios estimate that the 
funding fcMT PA research from aH programs st 
NSF rnight be 1.5-2 :tirnes as rnuch as the 
budget of Production Research, or roughly $7 
to $9 rnillibn.in 1984. In fiscal year 1983,^ the 
Production Research Program included 17 
projects in CAD, 47 projects iri yanbus as- 
pects of cbmputer-mded manu tech- 
ndldgies^ and 11 projects in cdmputer-aided 
testing. I^dductidn research, in cdllabdratidn 
with NSF's Industry-University Cddperafa^ 
Research Program, also provided seed money 
for two new industry-university research jcen- 
tCTS, one in robotics at the University of Rhode 
Island, and one in materials handling at Geor- 
gia Tech.** 

*NSF is divided into six directorates (adminlst^atioh; 
as topnomcfl^^ ocean_8d&nc88;_ biolpgicai, 

behavioral, and social sciences; engineering; mathematical and ': 
physical sdences; an-i sdrastfiSCi te^nologlcal^ and international 
affairs): Each direc^ybrate^as four -or five divisions. | 

♦♦For example, General Electric JGE) reported that its recent- 
ly released ^'BinVisipn^ jsc^^s tem^ was based on machine vision re- . 
search Conducted at the University of Rhode Island* GElis one 
of 27 cojnpaniea,_in addition to NSF^which_fand the center: 
"Vision Sensors Expanding Industrial Robot Ftexibility/ i>lvM- 
tioD Week and Spacx TechnoTogy, May 30, 1983» p. 139. 
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Table 68.-Select8d NSF Programs Which Fund Autbmitibh-Related Research 



Program 



Aspects of aot 



^°'°";^li°"'^!°^"9'"«eririg, and sensing systems . . . . ■ Touch and vision sensors, control systems ' 

Computer eng.neenng ; . Robot programihg languages, computer a^hitectures. human- 

cr««.^««i .i". , computer Interface 

fnduS 'iverirtrcoSe iSh CMmunfeatJ^ri nttworks. integrated optics for vision sensors 

Mechanica" syst^ffif research s^eed funds for cooperative industry/university research centers 

Dl "!t":^^ X^Af^^^^ •• Mechanical aspects Of robots, C^^ 



p|P^ili.;.avesandbeams ^mr^',^^^^'^' ^'--'^ Sanafacfr.„g 

SmaJl busmess Innovation Incentive grants for reseai 

W^^SMW^^^""' ■ ■ Of mlnlHtur. d^ic^es for pnsin^ and ..^rol 



jslng lasers 

!nc_e_n_tLye_grants for research in small high techhblogy firms 



cnimrc. ^ ». . = = ■- ^ ,stems cohtroi. sch eduling, organization 

SOURCE. National Science Founaatioh. "Prooram Announcement in intellHoent Robotics Systems and Automate d Mahufacturlhg." No. 3l45:005a. 1963. 



A new initiative for fiscal year 1985 aims to^ 
provide $10 millibn as se«l JEunds to estabEsh^ 
6- lb centers for crpssiiisdpliha^ en^neenng 
research. It is likely that one or more of these 
centers will he ft)cused on autbrnatibh. 

Other programs iit NSF which fund work 
related to PA include Automation. Bioen- 
^eering,-ahdJSensing-Sj^tems^^ 
Engineering; Electrical and Optical Com- 
mtmicatibns; Mechanical Systems; and Sys- 
tems Theory and Operation Research, in ad- 
dition, programs in social sciences and policy 
analysis include a smaQ amount of woft on the 
social effects bf new technologies such as 
programmable-aiitbmatibh. -- 



The primary funding machanism at NSF is 
^ahts made in response to jmsolicited re- 
search proposals, which are evaluated by NSF 
staff and external reviewers. Few if any 
strings are attached regarding the nature oi 
direction of the wbrk. However. NSF is also 
msmdated tb ejQ traiisfer of science and 

technology fo in^^ several programs 

which fund PA research take an active role in 
faciHteting such transfer. Three staff memb^s 
from the Industrial Science and Technblbgi- 
cal Innovation Div^ for example, in col- 
laboration withjeight other experts, rebehtly 
studied the diffosionjjroces and called for 
more coherent and supportive government pbl- 
icy in this area:" 

^ G.Jroniatz^. W. A. Hetacnw-, and J. D. Eveland^ 
cWeni^ Fdiindatibh, Divifliohj>f Jnduetriai Sdeance andTech- 
PP!p^<^ Inpovitipn), "Fcwtoring the U»e of Advanced Manu- 
facturing Technology,*' Tecdmoiogy neview, in prws, 1984. 



Taking advantage bf advanced inanufad- 
tOTing capabilities is^ a prbcess which will 
require considerably mor^. and more s^iltem- 
atic, Htteiitibn to the phenomenon of deploy- 
ment thaii^ has heretofore l>eeh generally in 
evidence in U.S. industry. 

^This and related Gbvermhent poKey issues 

will be examined in Chapter 10. 

NationBl Aeronautics and Space Adminis' 
iraiion^N ASA pursues three ^neral types 
of programmable automation R&D. They are 
summarized in table 69. 



The first is robotics and teleqperator re- 
—search-tb develop mairipiilator^^ applica- 
tions on space missions. Ne£ff-teim NASA 
uses will invblve telebperatbrs rather thin rc^ 
bots. Theirmbvements wiH be conSolled mor;e 
or less directly by a human, who isjeitheria 
space or on the grbunci. For example, the 
Space Shuttle's well-known Remote Manipu- 
lator System, which reaches into the shuttle's 
cargo bay to extract £md manipiilate sat^tes. 
is cqntroUed by the shuttle's flight crewi Be- 
cause of the relatively dir«:t human control 
of the tel^perator, human factors research to 
develop the most effective cbmbinatlbns bf 
m^ and machine is very prominent in the prb- 
gram. NASA researchers expect people tb re- 
main in direct control of these devices for some 
time because bf tfie complexity of the tasks. 

Thejrbbbtics^ahd,^^ is now 

fboased bn a ''Rempie Orbital !^^^ 
tern, ' ' an unmanned space vehicle thatjrould 
be capable of servicing sateUites by ground 
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Top, the space shuttle*s manlpalator an 
manipulator as it d< 
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Table 69.*-NASA Autbmatibn Research (doiiars in thousands) 



Fiscai year _ 



1980 



1981 



1982 



Automatjon research program: 

Robotics/teledperatqrs $ 533 

... J? 'J [9 ' _ ' !• 9© n 9 e/corn p y t e p aj ded planning.,.......:::: 1 ,048 

lritegra»ed progrann for aerospace vehicle design (IPAD)^ . NA 

'^otal ....:....,..:::;- :: ... . _ _ MA 



1983 1984_ J-985-(preUfn.) 



$_ 245 
1,017 
5,000 
6,262 



$- 600 
1,065 
2,100 
3,765 



$1,600 
2,000 
2,300 
5,900 



$1,600 
2.000 
2,300 
5,900 



NA— Not available. 

Ndtfij. Figures ad riot IndUde -saiarjes of NASA personnel, which are budgeted separately 

fPAD figures include NASA funasohl^ to the proflram. and plani to spend an additional $2 million for IPAD In 1985. 

SOURCE National Aeronautics and Space Administration. 



$1,600 
2,000 
2.500 

-- 6,100 



cbhtrbl cbmihands to its manipulator arm.*^ 
For the future, NASA is exploring machine vl- 
pibh and AI systems which would allow a serv- 
icing vehicle tb xbhduct fepaif s somewhat 
autbhbmbusly. Mbst bt this research is con- 
ducted in-hbuse at the Jet Propulsibift<abor- 
atbry and at L^gley Research Genter. NASA 
also supports research woik at the University 
of Illinois and Stanford University. 

The second major area of NASA's involve- 
ment in programmaBle automation R&D is the 
develbpmeht of an advanced computer-aided 
planhihg system called ** Deviser, " developed 
at the Jet Propulsion fcabqratory in response 
tbthe complicated and sometimes conflicting 
heeds for scheduling NASA's recent un- 
maimed ^ciehtific rhissibhs {the Voyager se- 
ries). The Voyager craft is j-adibed signals to 
direct its trajectory, aim its telescbpes and 
cameras, and manipulate _bther scientific 
equipment. Dozens of NASA scientists re- 
quest the attention of the satellite for particu- 
lar experiments, and according: to one NASA 
researcher, it takes hundreds of mah-yefi^^ to 
develop efficient plans and tell the spac^raft 
what to do.J^ Deviser uses sophisticated pro- 
graming techidques to juggle the capabilities 
of the satellite and the dernands of the scien- 
tists, resulting in an qrder-of-magnitude in- 
crease in productivity, according to NASA of- 
ficials. 



"A. J. Meinfel, Jr. and R. L^I^aeh. "NASA Research in Tele^ 
^o^oyc's* ' ' pap«/ J?rea8nted_ at^ of 
Photo-Dp ticaJ Instrumentation Engineers Conference, Aug. 23- 

27,__1982. 

'*R._ I:., fcarson, eornputer Scieiice and Electrohica Office. 
^ASA, personal cdmihuhicatidh, Aug. 25. 1983. 



The final arei of NASA's involvement in 
autbmatibn R&D is ah effort called Ihte^Sed 
Programs for Aerbspace Vehicle Desi^ 
(IPAD), which Was begun in 1976. It is a joint 
NASA/industry prc^am whbse goal is to in- 
tegrate computer-aid»d design and engineer- 
ing systems used in the design of aerbspace 
yehicres, and to link therh wth powerful soft- 
ware systems which cbidd help manage the 
tremendous amount of information inybly^ 
in designing such a complex product. Boeing 
Gommerdal Airplane Co. is the prime contrac- 
tor for the IPAD R&D effort. 

Other Fe^sd A^OTctea.---Sev<^al bth<i Fed- 
eral agencies fund small R&D efforts, primar- 
ily in robotics for nbhhaanufacturihg applica- 
tions. These include the Department bf 
En^gy, which is interested in the use bf rol>bts 
to service nuclear power facilities. The Depart- 
ment of Agricdture has alsb re^ 
vestigating use of robotics for various agricul- 
tural applications. The Department of 
Transportation's TtVan^^^ Systems 
Center has conducted R&D in robotics for mb- 
tbr veliicle mmufacture in thejpast, but the 
current administration views such work as the 
respbhsibility of industry. 

ca^— Table 70 summarizes the programmable 
autbmjition R&D supported or cdhducted 
by Federal civilian aj^ncies. The three Fed- 
eral agencies prirnj^y concerned with PA 
each have very cUffer^^ NBS plays a 

unique role in three respects: 

1. Support of standards efforts for PA de^ 
vices, and relevant research tb determine 

B4± 
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Table 70,— SumtTiary: Federal Civilian Agency R&D In Programmable Aiitomatlbh, 

Fiscal Year 1984 (In mllllbhs) 



National Bureau of Standards (at NBS labs In Galthersborg, Md:): 

NBS-funded work ^ _• — • ....... . . . 3.85 

Work spoiisoredjby other Fed^^^^ agencies (primaHly Navy arid 
Air Force fonding for automated manufacturing research facill- _ _ 

ty) 3.70« 

NBS Total 1 - - - ^'^^ 

Natiorial Aeronautics and Space Admlrilstfation (approximately 
two thj rd s_ Ls_ co n d uct ed In N AS A's I n -hdu se labs, arid d ri e-t h I rd 
Js grants/contracts to non-NASA labs): 

Teleoperator research . .^ IBS 

Artificial Intelligence/computer-aided planning 2.00 

iPAD..^ 2;30- 

IPAb work funded by Navy 1.875* 

NASA totaj 5-^ 

National Science Foundation (ail grants/contracts to universities 
and nonprofit labs): - 

Produptlon Research Program ^: :::::::::::::::: : 4.60 

OthetNSF jg rants central PA 

from a variety of programs (estlriiate) 2.30-4.60 

NSFtotal ^^-^.20 

Total for civilian agencies 16.65-i a;95- 

^Not included In civilian total. 

SOURCE: National Bureau bt Staridaras, National Aeronautics 9nd Space Administration, National Science Foundation. 



how best to construct standards, partic- 
ularly for interfaces between Pi^ devices. 

2. Development of the AMRF, perhaps the 
only fuU-scaie test bed for integrated PA 
research using some of the most julvahced 
technolo^es that have been developed. 

3- Serving as a resource to other Federal 
agencies and to the private sector on a 
range of issues related to PA. 

NSF is the Government's only avenue for 
support of geuKic research on a broad range 
of subjects related to PA, althou^ available 
funds are Umit^. JiOTce, NSF suppbrte longer 
term resemchjn many aireas which nught not 
receive funding fi*om mission-oriented agendes 
such as P0D or NASA. In addition, NSF 
funds provide crucial support to universities 
for building the foundation of automation 
|^5tD— maintcuning technical expertise in the 
universities find helping to train new technical 
experts through students' involvement in re- 
search work. 

NASA's aims for mitdmatibh R&D are com- 
plex cmd specidized. However, these efforts 
could Have substantial spinoffs in the longer 
-term. 



Industry-Fuhded R&D 

The atdbunt of money and effort which in- 
dustry as ajwhble spend! on programmable a^^ 
tbmatibn Jl&D is hard to gauge. Statistics 
about R&D tend to be either protect^ by pro- 
prietary cbncenis or muddled by Inconsistent 
dennitions of R&D and industry classifica- 
tibhs. With increasing Federal tax incentives 
for R&p a^^^ many firms swm tohave 

broaden^ the set of actmties wd expendi- 
tures to which they attach the label, "R&D."** 

_ Nevertheless,^ several agencies and research 
firms Jbiave made estimates of R&D expeindi- 
tures in various classes of industty , including 
cbmputerSi_an_d mechanicai manufacturing 
(see table 71J. No similar effort has been un- 
dertaken for PA vendors M a^cnip. However, 
examinations of RfeD m infcnmation trclmo^^ 
ogy-related industries tend to reveal a pattern 
of fairly consistent and comparatively high 
spending for R&B as a prbpbrtibn bf gross 
sales. By combining estimates bf grbss sales 
in automation industries with industry ana- 



__t*HatidnaJ -Science I'ouiidation, Science Reaowrcea Studies 
HighlighU, Sept. 9. 1982. 
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Table 71. ^Company R&D Expenditures as a Proportion of Sales, By industry 



Business Week^ 



1980 1980 



1981 



1982 



Machinery . ... ...^^ ^ - - ^^ • • 4-8 

Qfllce^pmpluJing^_accp_untirig_._._. IQ.Q 

_ Other machJnery, except electrical 2:3 

Electrical equipment, 3.9 

Radio arid TV receiving equipment 1.6 

. Cqmmunlcatlori equipment 5.2 

Motor vehlaias.... 4:3 

Motor vehicles parta and eqalpment 



4.3-6.4 

1:6 
2.8 



4:0 
1 . 9 



5.0-6.4 
1.9 
2.9 



3:7 
-2.0 



5.1-7.2 
2.6 
2.8 



4:0 
2.3 



°NlitJonal_Scifiiice-FouQdAUoxu'lResearch-Bnd D«veloprrent In Industry, 1990." Data are based dri a survey of apprdxirnately 

.l l.spo^cprnpjamlM^ conducted the Census 

^H.^'"^^.^ 'y^j^^''R&DJScoreboar d," July 6, lOgj- M y 5. l &M. yid Jun e 20, 1983^^ on the amqu n » of R& D.spen d- 

ioQ repdriedio the SecuHtles and bumarige ddri^mtssidn on rdrm TO-fCCornpanlesTncluded are those reporilng soies for 
Ihe_yeaLQ(_S35 mUllOfi or m0rs_aridiUA«xpfios^^ amouiiirrigiQJU ieasi^J mlHloh dr atJeast 1 percent of sales. Industry 
ciMslflcatJons used by^flus/nosa Week are similar, but not Identical to those used by NSF. Hence the two sets of data are 
not strictly com parable. 



lysts' assessment of the percentage of gross 
s^es spent on R&p, one can amye at an esti- 
mated range for automation industry spend- 
ing on R&D (table 72). 

Such estimates are possible only for the pro- 
grammable autdmatiop. technplogi that com- 
pri;^ an industiy —notably CAD, rb1[>bUcSj and 
machine tools. Table 72 shows that R&D 
spending^injir^t these thi^indu^ ap- 
proximately $264 million to $400 million in 
1983. TWs is^roug to 5 times as miich as 
the approximately $80 million spent by Fed- 
eral agencies for the whole range of program- 
mable automation R&B. PA-mdustry spend- 
ing for R&D has^mcrecsed rg>idly in the fast 
few years, in parallel vdth high industry 
^owtfi rates particularly for robots and CAD, 
(See ch. 7 for farther detail.) However^ robots 
industry analysts expect the proportion of 
gross sales spent on R&D in tjbat industry to 



decline £rbm an estimated 12 to 18 percent to 
10 to 12 percent as sales in the industry ac- 
celerate. 

Only a few companies conduct substantial 
work in more long-range basic or appUed PA 
research, as opposed to rflatively shbrt-tenn 
product, develbpmeht (although it should be 
noted that such product developments provide 
important feedback to more long-term re— 
securch efforts r^arding productive directions 
for R&P). These more long-range efforts in- 
clude IBM's research^ piimarily in robotics 
and sensing technologies; GE's work in robot- 
ics, sensing, computerized controllers, and 
CIM; GM's research in robotics; Cincinnati 
Milacron's e^prts in robotics, machine tools, 
automated materials and^ flexible 

manufacturing^ systems; ynimation's (now 
owned by Wesdngfaouse) robotics resem-ch; 
and Computervision's CAD explorations. It 



Table 72.— Estimated R&D Expenditures In PA Industries, 1983 (In millions) 



j I nd us try sales - 



Estimated percejitof sales 
spent -on R&D 



Estimated level of 
R&D speridjhg 



CAD 

Robots 

M^hine tools 
Total 



$1,600 
$ 235 
$1,75d« 



12-18 
12-18 
2.5-4.0 



$192-$288 
$ 28-$ 42 
$ 44-$ 7 0 

$264-$4dd 



^National Machine tool Buiider'3 Association. Note thai the U.S. machine tool industry has been experiencing dram-jtlc changes In level of sales. For example, shipments 
in 1982 totaled $37 mriilon. while those In 1981 totaled $5.1 miilibn. 



SOURCE: Interviews and compilation of material from industry analysts. 
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should be noted that users of automation tech- 
nologies, particulm-ly large finns such as_GM 
and GE, are playtog important roles in R&D 
and have in many cases become vendors them- 
selves (see ch. 7). 

In addition, some of the large consultii^ and 
research firms have played key roles in devel- 
opment of programmable automation technol- 
ogies. SRI Interaational hM b^n a pi 
machine vision and robotics researchj^pr£5)er 
Laboratories has conducted^ robot and FMS, 
research, md consults^with^mdtistrj^on imple- 
mentation of automation systems; other 
think tanks*' such as Battefie tabbratbrie 
and Arthur D. tittle have played key roles in 
both research on the techhbldgies and assist- 
ing in implementation. 

There is also evidence of more extensive in- 
teraction in the past few years between md^ 
try and academla on manufactuMg automa- 
tion research. Many universities liave set up 
cooperative research centers in whicl^ firms 
contribute fitods to support manufact 
lated research efforts. These centers vary in 
the extent to^ which industry has a say in the 
research agenda and control over the results. 

One kind of Uniyersity-industry cooi^^^ 
program is the Manufactiiring Engin^ra^^ 
AppUcations Center (ME AC) at the Worcester 
Polytechnic Institute (WPI)^ Here, professors 
and students work with staff from companies 
to develop^spKific app^lications of automated 
eqmpment. Ejnhart Goip. helped to establish 
and was the firstto work with WPI dh such 
a project. For Ernhart, the goals of the prch 
gram were to obtain:** 

1. assistance in conducting practical, short- 
term applications research that would ad- 
here to industrial time lines rad result 
completed projects delivered to Emhart 
witWn 1 year; 

2. a situation that would promote technol- 
ogy transfer— (i.e., that would help the 
firms receiving the systems to understand 
the development processes and the opera- 
tions of the systems themselves); and 

»*OTA Education and Training case study. 



3. provision of labbratbry and office space 
bn the campus for Eiihart engineers to 
enable thein to work in an environment 
free from production pressures and re- 
sponsibilities. 

MEAC's liaison with Emhart resulted in sev- 
eral applications develbped^r the ebmpahy's 
factories, and ME AG has no^ expanded to in- 
clude two other firms. 

Andtiier form of industry-uiiiversity effort 
is the Industrial AffiUates pr^ogram at Ga^^^ 
gie-Melldn University's Robotics Institute. 
Various industrial sponsors (Westinghouse is 
one of the larg^t) contnbute more than $2 mil- 
lion per year.*^ The institute includes labs in 
flexible assembly, fle^^^ 
teUigent syst^s, vision, mobile ro^ts, smart 
sensors^ automatifc prbgrarmoig, and sociiBd im- 
pacts analysis. The sponsors, however, do hot 
have control over research ager^das, but rather 
have priority in bbtauung t research results 
and are entitled to limited consulting service 
from the Institute faculty. This more limited 
impact on research agendas is generally the 
norm at top engineering schools with similar 
prb^ams, such as MIT and Stanford. 

Indu stry- university cooperative research 
centers are spreading rs^j^dly. 3?ibu^ it is hot 
feasible to list all of them, other universities 
which undertake PA research in cbbperatibh 
with industries include the University of 
Rhode island, Geor^alhstitutebf Technolb- 
^ (both discussed earlierin the NSF section), 
Purdue, the University of Florida, and the Uni- 
versity of Maryland.* 

One of the most dramatic industry mdves 
to supjpqrt univ^sity PA research waslBM's 
donation of $50 million in<;ash and equipment 
in 1983 to support manufaStttm education. 
The ^ants were, given to about two dozen 
schools— $10 million was allocated to univer- 
sities to implement hew mahufactUring- 



'The Robotics Institate, earnegie-Mellon University, "the 
Induatrifid AffUiates Prdg^-am:'* 

__*Oth^rslinthe growing list include the University of Michi- 
gan» Brigham Young Univferaity. and the University of Utah. 
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systems inirricnUa at thejnaster's degree level, 
while $40 inillibh in CAD and other computer 
eqiupment was donated to support research 
and education in manufacturing using state^ 
df-the^art tools. 

FinaHy, there are several interfirm cooper- 
ative research efforts relevant to progratmna- 
hie automation.* GAM-I, based in Arlington, 
Tex., has eight active research groups in which 
members pool funds to support research in 
areas of interest. The ^bups are Sculptured 
Surfaces, Process Planning, Geometric Model- 
ing, Advanced NC, Factory Manc^emeht, 
Electronics Autpmatibh^ Quality Assurance^ 
and Robptics Software. CAM- 1 was a spinoff 
from DOD's early efforts to develop NC ma- 
chine tools. Now independent of DOD^ the 
membership of CAM-I includes American elid 
foreign companies as well as SM5me Universities 
and Government agencies. The members pay 
a fee for each of the seven research groups in 
which they choose to participate, ranging from 
$8,000 to SIO^OOO.** In return they have a 
voice in the direction^of research and receive 
copies of the reports^ documentation, and 
scftv/are produced in the research group^CAMJ 
does not actuSBy conduct the research in- 
house, but Contracts for reseai*ch efforts in in- 
dustry and private laboratories. 

Microelectronics and Computer Corp. (MCC) 
is a con troyersial collective research effort 
formed m 1982, and aimed on ad- 

vanced semiconductor and coraputer architec- 
ture t^hnologies. Basedin Austin, Tex., MCC 
performs much of its resem-ch in-house with 
about 56 researchers, it has a $75 million an- 
nual budget contributed by 13 medium-sized 
eleetrbhies manufacturers^ Another group, the 
Ser|dcbnducjibr Research Cbrp., consists of i9 
eleetrbhies firms. It has already granted mbf e 
than $8 miilibh tb suppbrt m^iversity research 
that wbuld advance the techhblbgy bf inte- 
grated circuit manufacture.*® 

- *Some of the consortia which pursue integrated iharuifactur- 
irig R&D carhe together, either formally or informallyi through 
pop. For exampLe. s^^^ Force's ICAM pro- 

gram brought together a variety of industry contractors and 
subcontractors: . 
**CAM-I brochures. 

'""High-Tech Companies Team Up in the R&D Race," Busi- 
aess Week, Aug. 15, 1983, pp. 94-95.. 



The issue of cooperative research efforts hjts 
been hotly debated over the past 2 to 3 y ears; 
In some cases, industry executives have ar- 
gued that theabifity bf &rmgncbinpahies, par- 
ticularly in Japan, to form R&D collectives 
(sometimes with gdvehxment assistance) gives 
them an unfair advantage over American 
firms. Often; the perceptions of what antitrust 
law will permit do not mesh with the law itself^ 
In general, cbUective research is i>ermitted 
under current U.S. law^ though there may be 
legal difficulties if, for example, the firms in- 
volved are those which dominate an industry 
or if they wish to restrict access to the results 
of the effort.^' 

The issue of what constitutes ah appropri- 
ate area for collective R&D is hot it all clear. 
Some industry observers jirgue that the ad- 
vahtfi^es of cbll^tive R&D are, by and large, 
illusory— while Japanese cultural habits en- 
courage group efforts of all kinds, American 
companies perform better in mutual cbnipeti- 
tidn.'° 

Jn any case, there seem to be at least three 
advantages in principle to some collective 
R&D ehdeavdr is: First, a collective effort may 
be useful if there are high costs and risks ih- 
vblved,^_with uhcertaih and Ibhg-term pay- 
backs. Certain prbblems in prbgrammable au- 
tbmatibh fit this descriptibh. R&D in 
cbmputef -integrated manufacturing, fbr exam- 
ple* requires ah immense investment in equip- 
ment and tremendous labor costs because of 
the complexity of running and modifying such 
a system. Second, CIM is clearly an interdis- 
ciplinary problem, and a collective effort could 
be useful Jn brining together expertise from, 
for example, a machine tool manufacturer^ a 

?^™P]1^'* J?^3^1^^J'}^®Ja ? ™^J^?^s handling 
systeni manufacturer, andso forth. And final- 
ly^ coHective research efforts can rfford smal- 
ler companies the opportunity to enter or stay 
in a market where R&D costs would be prb- 



U 1 5? • Oepartmeni of Jus t ice,_ An t i tru s t_ Di visio n , An U trust . 
Guide Conceminf^ Research Joint V&ature& (Washinjfton, D.C.: 
Department of Justice. November 1980): QTA's forthcoming 
' study. Ir^dnnatidn Tedmdtogy Research and Develdpment, will 
discuss joint ventures in R&D in more detail. 
'"OTA Automation technology Workshop, May 29, 1983. 
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hibjtively high jf they were conducting such 
worik mdependently. Nevertheless, a great deal 
of R&D m programmable automatibh is tak- 
ing place without eollective efforts, and pro- 
motion of such efforts may hot be hecessaiy 
in this area.* 

Other Sources of Funding for R£D 

In addition^o the Federal Government and 
industry, a small portion of R&D funds are 
provided by State and local gbvemrhehts, non- 
profit organizationa or Jbuhdatibhs, and by 
universities. Qfteh this funding is in cbhjuhc- 
tioh with effbrts tb set up Ibcal high-techhbl- 
bgy centers, fbr the purpbse of attracting or 
revitalizing Ibcal industry, or for retraining 
local wbrlcers. Such centers' are proliferating 
rapidly thrbughbut the cbuhtiy. 

Michigan, for example, has established an 
''Indus^al Twhnology institute" to help ease 
the State's adoption of advanced Jthanufactur- 
ing technologies. The institute has received 
grants fro^i the Dow Fouhdatibh ($10 millibh), 
the Michigan ^conbmic DevSipmeht Authbr- 
ity ($17.5 miUioh), and the Kellbgg Fbunda- 

♦Further. <nirrent research effpri^ in 
tag, for example at NBS and GE, suggest that thle sca^^^ ef- 
fort required for intep-ated manufacturing research^ is not jis 
massive as that in, for example, the development of new air- 
craft engines. Such initiatives may require R^tD expenditures 
on the order of $1 bUHon, (See^ for exampfe Witkin, **7 Com- 
panies to Spend $1 Billion on Jet Engine," the New York 
Trme5, Nov. 1. 1983, p: Dl:) 



tibh ($40 million)." The State of Rhode Island 
has prbpbsed ''Industrial Greenhouses" to 
capitalize^ in part, on robotics technology de- 
veloped at the University of Rhode Island. 
Even the State of Hawaii has made a $50,000 
grant to the University of Hawaii to jaunch 
a Pacific International Center for High Tech- 
nology Research." 

These are bnly a Sw exjmipl^^ 
local centers which have been proposed or es- 
tablished. The prbliferatibn of such centers is 
evidence that many States and regions believe 
that computerized ma^ 
technologies are ''the wave of the future." 
However, disly a finite numlser of such^enteTS 
for robotics, for example, can opiate effective- 
ly. And establishing such a center always in- 
volves tradeoffs with other local priorities.* 



""Bmith Heads High-tech Group Pushing Advanced Facto- 
ries," Automotive News\-J\jiy 11, 1983: 

"A. A. Smyser, **Ldw PerformahM on Hi-Tech," HoBOlaJa 
Star^Biii/eitiii, Aug. 9, 1983. TTiis dec^^ cbn^ 
troversial in HawailSj^te SeMj^^^ 

program, asking. "Whjat are we doing in_ this world-class com- 
petition when we are basically a sand-Zot team?" 

♦For more inforniatibh bh this and related issuest see the fe- 
ceiU OTA studi^ ^^hauyof State GovernmBDt ImtlaUves for 
Hrgh'fechnaiogy ladusM^ 

comws/ng JUg^ Technology DevelopmeDt (February 1984). 
Both of the afdremehtibned are background papefafor the forth- 
conung OTA stud^? 
nonuc Veveiopment. 



International Comparisons in R&D 



' Foreign R&D efforts in PA are tremendous- 
ly varied. This analysis will elucidate certain 
themes iii the content of foreign R&D, and 
point but strengths in particular foreign re- 
search programs. Institutional issues concejrii- 
ing foreign R&D (e.g., research cooperatives 
and government R&D support), are address^ 
in the International Comparisons chapter (eh. 
9). 



In order to analyze international R&D^ the 
level of R&D must be treated separately from 
the level of appUcatibii of automation technol- 
ogies. Hence, while certain other countries ex- 
ceed the Unit^ States in use of PA (see chs. 
7 and 9) the vast majority of R&D in prdgram- 
maWe automation has tak^ in the 

United^ States. J apcm^ West Germany, and 
Sweden, and to a lesser extent France and 
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Great Britain, have also important 
contriButors to automation R&D. 

One indicator of the relative cbntributions 
of different countries to this techhpTo^ is the 
number of patents that residents of each coun- 
try hold. Patents are not a good index of qual- 
ity of innovation, nor is it assured that foreign 
innovations that are not markebedJieE^^ be 
patented in the United States (and therefore 
ayailaWe as statistics^ it may never- 

theless be instructive to examine the interna- 
tional distribution of tJ.S. patents. A 1982 
study by the U.S. Patent and Itademark Of- 
' fice showed that U.S. residents hold 51 per- 
cent of the U.S. patents for robotics, while the 
Japanese hold 24.5 percent and residents of 



other countries (largely West Germany, Swe- 
den, France, and Italy) hold the remainder,^^ 
Figure 3$ shows that U.S. dominance in U.S. 
robotics patents has been erratic but generally 
strong. 

Moreover, automation technbldgy re- 
searchers beUeve, almM^^ imammously, that 
the United States is still in the lead or at least 
equivalent in level of sophistication in vir- 
tually all areas of R&D.^* A typical cdinment 

"USJPateht and^Trademaric Office, U.S. I>BpartmBht of Cbm^ 
merce^ /ndustna/^o ^^^oy p^J^^JS^ ^4 SomesUc 

U,S^ Patents (Washington. D.C.: Department of Commerce. 
Au^stl982j. 

**OTA Automation Technology Workshop, various personal 
communicatidhs . 
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is this one from ah Army technicEil officer's 
Japan trip report: '*No eqxiipment was seen 
during the trip that lead (sic) me to believe the 
Japanese had any sort of technology edge in 
the robotics area. In fact, much of their rpceht 
work in the machine vision area owes a tech- 
hblo^ debt to R&D per fomied by such firms 
as SRI International.''" This positidn is often 
voiced defensively by U.S. techiiology experts 
as foreign government efforts, particularly in 
Japan, have received increased attention. 

_ Japan —It is by how a cliche that Japan's 
IFuhdamehtcil strength has broh in applying 
techholbgiesu'ather than in more fundamental 
ihhovatibhs. There is a moderate consensus on 
this pdiht, though there is hot a consensus on 
its sighificahce. Some argue that it is sensi- 
ble for a country to emphasize applications 
when another country (the United States) is 
a strong leader in technical areas. In any case, 
the Japanese have taken steps to bolster their 
capacity in areas which they have nqt^hereto- 
fore emphasized, including software and more 
fundamental research. A 1982 Japanese White 
Paper explains:^® 

... It has isUsb been said that Japanese tech- 
nology has for the most pwii been intrqdu^d 
from other industriatiy advanced nations, ^ 
and that only a few ihhbvatibhs have been 
created by Japanese sdehtists and engine^ 

Meanwhile, prevailing situations seem to 
suggest that the once active creation of new 
techhblbgies by foreign cbiih tries has lost its 
glambiir at jte moment; in addition, there are 
many instances in which foreign countries 
and business cbrpbratibhs appear reluctant, 
as a strategic measure, to^tra^fe^ the limited 
scope of remaimng technological know-how 
to Japan. Given these circumstahces, it has 
becbme absolutely necessary for Japan to de- 
velqp^reBtive technologies on her own if she 
is to maintain her economic viability among 
the-^brld's ihdustriaUy advanced nations. 



.^•C. S. Shbemaker, Spodal Projects Office, U.S. Anny Human 
Engineering Lah^ratbry , ' ' PPONPS TOp ' 5*A^9 9^ 

travel: bet 4_-17, 1 981 v Many similar sen.to were ej^ressed 
at the OTA Automation tedmology Workahop, May 29^ 1983. 

"**Ih Pursuit of Creativity in Sd^oe and Tedmdogy: Outline 
of White Paper oh Science and Technolb^ 1982, " SaenoB and 
fechDofoi^ in Japan, vol 2, Apr. 1, 1983, pp. 18-23. 



The Japanese plan for bolstering iimovative 
capacity involves estabUshing long-range 
R&D efforts, settingup various new pro^ 
for researchers, promoting public understand- 
ing of the issue, and^pijursuing active interna- 
tional cooperation in science and technology 
development. 

This plan is one of several wide-ranging ef- 
forts that the Japanese have anndunced in the 
past few years. Others include development 
plans for the ":Kth generation" computer proj- 
ect and the ''Flexible Machining Complex 
Equipped with Laser (FMCAaser).'; Th^^^ 
ahese seem to have a propensity for establish- 
ing plans and goa^^ which fm- exceeds that of 
many other countries, even thos^ such as the 
United States whose research in these areas 
is extensive. This has led one U.S. computeri 
expert to complain, "We're being but-bi}b- 
chured."^^ 

Many of these ambitious efforts have not 
yet shown substantial residts. The^FMC/la^^ 
project is aj:dod example. Begun in 1977 with 
a budget of approximately $6 miUiqn a y 
in gdlp^ermnent nioney jmd signfficm^ private- 
sectcr support, the project wra designed to 
prcKwce an advmc^, ''naetambrphic" (i.e.^ 
easi^ changed[ machining ceH whibh'W^^^ 
use a laser both for cutting metal and for 
measurement. Hbwev^, tharesulfc of the proj- 
ect is neitfe'^^ advanc flexible^ according 
to an NBS official, and the use of a laser was 
more apoKtieal decision than a technical one 
(i.e., it brought the electrical engineering com- 
munity in Japan into the project). 

The program has broken Kttie new techni- 
cai ground. It has had to retreat from the 
most ambitious technical jgoals of the pro^ 
greun. When asked about these apparent 
technical faifiires, the MITI people^respdnded 
that this did hot matter, that the true goal 

bfi;he program was te^crea team 

to work on automated manufacturing and 
that this goal was accomplished." 



"Neil Lincoln, Cbntrbl Data Corp:, OTA -Wi?f kshop on Ad- 
vance ODmputer Architecture, Jiily 14, 1983. 

**J. A^ Simpson, dir&ctoi:, Oraiter for Mamifactn^^ En^eer^ 
ing, NBS^ "FMC/Laser vs. AMRF; ACompariTOnj: speech 
Manufacturings Studies Board of the National Academy of En- 
giheerinR, 1982. Siinpsdh aitanged an exchaisge between the 
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The product of the FMG/laser project turned 
put to be considerably simpler tfian its goals 
implied, somewhat like a mass-production Hue 
which can be easily reconfigured. Whether or 
not this was intended, the nbtibh of simplicity 
seems to be an underlying theme in several 
Japanese automation products and develop- 
ment efforts. Japanese FMSs, for example, 
tend to be substantially smaller and simpler, 
without the complex recovery methods for 
woni tools and bypass-ldops in material- 
handKhg tracks which characterize U.S. de- 
signs. An engineer for Niigata En^eering Co. 
explained to one reporter, * 'Complex systems 
are prone to failures^. . we don't want pur sys- 
tems to stop, not more than a few times a 
year.' 



Further, Japanese FMSs seem to place low- 
er emphasis on the goal of completely un- 
manned production, instead replacing "some 
work slots where logical"^^ and leaving other 
jobs for human workers. These principles may 
seem to contradict reports of unmanned pro- 
duction at certain Japanese factories, partic- 
ularly the weH-known Fanuc factdiy hear Mt. 
Fuji. However, even this plant, upon closer ex- 
amination, reveals a reliance upon human 
wbrker^^and relatively simple processes. At 
night, NC maehimng tdtes place without di- . 
rect^human supervision, ^though a worker 
mdnitprs the production floor from a control 
rdbni. Workers are stiH key features of the pro- 
ductioh equipment during the day. Each NC 
machine tool has an operator who is primari- 
ly responsible for its performance.^^ 



FMC/laser project and NBS' AMRF staff. Japan's MITJ has 
J^^l^A pro<iuct of the_FMC/la5^^ will be 

made p^^t pT a new.test plant for computeiited* unmamied-oper-- 
atipD._ scheduled to he completed in J984: (M^Ihaba, "MITI 
Builds Lasec^equipped Fle^ble Manufacturing System." Asq^ 
ican Metal MarketyArets]workwg New 

"M. lb aba, "In FMS^SimpUcjty Governs: Japan's Philoso- 
P*^y of Plesjgp DiHera From the U:& Approach," 

Ajnerican Meted Market/MetslwoTking News, Sapahese Ma- 
chine Tools Supplement, Jiily 11, 1983 

'^ibjd. 

"See N. Usui, \\Untended M^achlnea Build 
ican KaMnJst, June 1982. pp. 142-145: There have been cbn- 
reports on the number of workers at the plant. In addi- 
tion, several other pdrtibiis of the plant use human workers 
extensively, notably for assembly. 



The Japanese are very active in R&D on in- 
dustrial rbbbt^. A recent JiRA survey notes 
that the number of government and university 
robot R&P facilities in Japan has doubled over 
the past 3 years." The number of robot re- 
search facilities in Japan, according to JIRA, 
exceeds the number existing in the United 
States, but such a claim has not Been veri- 
fied.^^ Until 1982, private industry had shoul- 
dered the major respbhsibility for Japanese 
R&B in the robotics field. According to a 
JIRA survey in 1979, over two-thirds of ro- 
bot mm^ufacturers had conducted some form 
of in-fious^ robot rese^^^ Private research 
has concentrated mainly on application— i.e., 
on 5peed, nnniaturization, computer control, 
weight reduction, and development of inter- 
changeable robots. 

Other Interaa^^ Comparisons.-- For 

Kstorical, social and political reasons, coun- 
tries have different strengths and weaknesses 
in R&B areas^ There are many areas in which 
the Unit^ States is a strong international 
leader. These include: 

• Long-raijge basic science research, w^^ 
the U.S. University system is unmatched 
in size and effectiveness. 

• AjtificialintelKgence, where 

portant centers for AI worl^have long 
been in the United Stat^ {MIT, Stanford, 
GMU^and SRI Internatibhal; the EJniver- 
si ty of EdUnbiirgh, Scotland, is also a his- 
toncaUy important center but somewhat 
less prominent today). 

• Softwm-e as a whole, which appears to 
stem from Anierican dominance of the 
cbmputer field. CAD and computer 
graphics in particular are American 
strengths. The United Kingdom recently 
has developed a very good reputation and 



. "^utsujjo Muraka^ "Japan Stresses H&D in High-Per- 
fprniance Robots." Amencah Metal Market, July 11, 1983, p. 

"^yj of Japanese Robot Industry, " 

^o^^JpfJapanese Trad^ and Industry, published by Japan 
Economic Foundation, January 1982, p, 7. 

Aron. Baiwa Securities America, "Robots Revisited; One 
Year Later." Report No. 25. July 28, 1981. 
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market in software as well. Japan is ap- 
parently attempting tocatch up in soft- 
ware by pooling R&D efforts. In 1982, for 
example, 25 J^pjmese^cqrporatibns. En- 
tered into a j oint ^reemejit with the Uni- 
versity of Tqkyoto develop software for 
m^hanic|d design." 

• SysteioM ofcompnterized devi^ 

ing programmable autbmatiohj are in gen- 
eral more sophisticated in the United 
States than in other countries. 

However, there are several areas in which 
other countries are leaders: 

• The field of manufacturing engineermg 
has undergone a slump in the United 
States in the past decade, according to 
many observers, with the best engin^rs 
avoiding work that was considea^ less in- 
tellectually exciting and ' 'dirtier th^ 
more theoretical efforts. Although this 
slump has occiirred in other cqimtries as 
well, West Germany's industries and 
technical imiversities^ have m^taihed a 
very strong program of produetioi re- 
search and mmuf acttn4n& engineerii^^^ 
Research, jJthoui^partly funded by th^ 
government, is conducted autdnbmbusly 
through jndustry/un^ consortia. 
West Germany and Sweden have been 
very steong in predsibn machine tools and 
robots, in part b«:ause of the understand- 
ing of mechanical processes obtained from 
these, institutes. ______ 

• Two foreign reseMch efforts, OM^ 
Norwegian-West German program and 
the other under Hitadbi in Jjpan, are p^^^^ 
sumg ambitious work in deydoping more 
fully integrated CIM^ startmg witt the 
gebmetrif modeling of the product. Both 
pro] ects aim to produce pr^fiininary^ prod- 
ucts in the next 2 years. At this time it 
is unclear how these projects compare 



"Industry and Trade Strategiaa, unpublished paper prepared 
for OTA. ApHi 1983. 



5vith similar integration work, particular- 
ly at GE, IPAD and ICAM, amd f?BS. 
• Europem <»un tries i^^ 

er in research relating to the eff^t of 
automation technologies on the wcark en- 
vironment. This work is partictUarly em- 
phasized in Sweden, where the Swedish 
Work Environment Fund a&ninisters re- 
^arch ftinded by the government and in- 
dustry^. Chapter 5 covers these efforts in 
more detail. 
There is significant Interest in projprar^ 
bJe automation in Eastern Bloc countS^^ 
though there is limited infonnation on their 
efforts. One U.S. robotics researcher, after a 

tour of the U.S.S.R., wrote:" . 

Overall,^! must conclude that thej*bb6tics 
technolo^ in Russia ia at least a decade 
Kid that in the United States. They have ap- 
parently recbgmz<^ this fact and now h^ye 
a national program in this emerging tecK- 
noiogy. 

Another ^tef described vciiy substantial de velr 
opment efforts, parUcularly for FMS, in East 
Germany, ezechbslbvakia and the U;S.S.R." 
East Gerinahy has a weU-developed machine- 
tool industry and an extensive program on 
robotics development. Bulgaria Poland 
have factories which produce imampulator^,'' 
Gh the whole, evidence swms to indicate that 
the Eastern Bloc coimtaies are a few years 
behind the West, though there are cbncearted 
efforts in these countries to correct this situa- 
tion. Reliable data and descriptions of pro- 
grams in Eastern Bloc countries are rarely 
ava. table. 



••D: TesaTp directOTp Center for Intelli^nt_MacWne8 and Ro- 
botics, University of Florida, peiBonal communication, Aug. 3, 

1931- - _ _ _ ■ " , . 

«"*CAM: An International O^mparisdn," Amencah Maciuz:- 
ist, November 1981. spedal reiwrt 740. 
ern Eiirbpe waa written by Jozsef Hatvany of the Hungarian 
Academy of Scienoss)- _ _ ^ 

••B. Roth. Stanford University, personal communication. Oc- 
tober 1983. 
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International Support for 
Programmable Automation 

Summary 



Many of the industrialized nations support 
the development of programmable automation 
(PA) to some extent The degress to which such 
support has been effective is not easy to de- 
termine. It js coirfqunded by other factors^ in- 
9l^*ii^S_^!^9^^ff^^ sophistication, industry 
characteristics, and cultural jjifferences. How- 
ever^ the efforts wlucfi seem to be most suc- 
cessful are those which conform to and build 
on existing social and economic traditions. 

The Japanese Gdyernment, mainly through 
the activities of its Ministry of International 
Trade and Industry (MITI), has developed 
long-range plans for ©conomic growth, produc- 
tivity growth , and e^Ljport competitiveness^ 
The most notable contribution p 
been to encourage the diffusion of PA technol- 
ogies to smaU and medium-sized firms, in this 
way MIT]^has aJso stimulated low-cost, mass 
production of the low-end products of the PA 
market. This has helped Japanese producers 
become stPong competitors in the ihterhatibh- 
al PA market. 

Since the mid-1 970 's. West Germany has 
been committed to enhancing the intematiqn^ 
competitiveness of the advanced technqlo^ 
sectors of its economy through^strong support 
of research and development (R&Dj. The Min- 
istry for Research and Technolo^ (BMFT) is 
the iead agency for cobrdinating_science and 
technology policy with bveraH macroeebhomie 
policy goals. BMFT has established, ah Ad- 
vanced Mahufaeturihg Techhblbgies Program 
in order tb prbmbte thej*iskier types of inno- 
vation in this sectbr. The gbvernihent has 
jplaced a strong emphasis oh deyeldpihg ah 
uhderstahdihg of the ways in which PA will 
affect the workplace and the labor force. 



In the 198()'s, the Swedish Government 
began to devote more resources to long-term 
research in PA in the^ hopes of bolstering 
Swedish wqnqmic growt^ Swedes are al- 
ready significant robot producers. The Gov- 
ernment also has a strong interest in educa- 
tion and retraining, wliicfi is consistent with 
its traditionally strbng rtianpbwer pbHeies. 

The French Government under Mitterrand 
has made a strong commitment to speeding 
up the development and diffasion of PA^ in, 
part to enhance competitjyeness. Jap^jmd 
Sweden have set up robot manufacturing fa- 
cilities in France as^part of a Go verranent 
strat^egy^fj^r tectaolc)gy tran The French 
Government has also shown concern for the 
human impacts of the implementation of PA. 

The Pepartment of Industry and Trade in 
the Uiiited Kingdom has a set of schemes" 
to- promote capital investments in PA^ To 
date, however, these schemes have nqt^been 
notably successful in promoting thejliffusion 
of^i^i^ Great Britain. The jj^^ re- 
P^*'i'^^?l advmced teclmblbgy 
resem-ch pro-am to support R&D in PA in- 
dustries, among others. 

Norway has ho extehsive Gdverhmeht pro- 
grams to ehcdurage PA, although its produc- 
tion and application are progressing. The Gov- 
ernment is itrging the develc^ment of new 
technologies to promote industrial expansion^ 
It has also identified key social impacts^ that 
the transition to advanced techno^ indus- 
tries is having on the labor force. 

The Canadian (joverhiheht is playing a large 
role ih ehcpuragih^ the develbpnieht and im- 
plemehtatidh of PA. It has developed model 
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pro-ams for Government investment strat- 
egies and for encouraging laBor-management 
cooperation in dealing with disl6catibn,_re- 
traimng, and work ehvirbniheht issuesz The 
programs are hew and the develbpmeht effort 
starts from a relatively modest base. 



Italy is a significant producer and exporter 
of machine tools and industrial robots. Some 
predict that Italy may cdso become one of the 
top five producers of industrial robots by the 

iggo's. 



liiirbductidn 



Technological change and evolving patterns 
of international trade have focused attention 
on government policies relative to PA and on 
their potential effects on the development of 
manufacturing sectors aniong nations^This 
chapter describes policies and programs 
abroad which are directed at the de\^elo 
and use of PA, focusing on countries most ac^ 
tively engaged in PA production mid use * 
While other chapters discuss international 
comparisons in specific areas, this chapter pro- 
vides cbrhplementary-descnptibhs of major 
foreign government programs. 

In each country discussed here, PA tech- 
nologies can be foiind in different phases of de- 
velopment and adoption. The rate of adoption 
depends on the nature of each country^s 
manufacturing sector, the a^vaUabilityj)f ap- 
propj-iately skilled labor, the nature of puBHc 
and private research efforts, md such factors 
as capital availability , awareness of the tech- 
nologies and their capabilities, and govern- 
ment iheehtives to eheburage irhplemehtatibh. 

Industrialized nations have different tradi- 
tions of government involvement in technol- 
ogy and iiidustry deyelqpniimt. t^e distinctiye 
cultural, social, poUticfd, and m char- 
acteristics of each nation shape its policies. 
The course of development among national 



♦Note that reliable and useful information on. support for and 
use of PA in Eastern bloc countries is virtually hbriexisterit. 
Hence, these countries are not included in this analysis. In ad- 
dition, pther cpuntries^nQt covered here, includin^mj^^ the 
Third World, also produce and use PA to a limited extent. For 
example, -the use of CAD systems for mapping applications is 
growing in less developed cbuhtries. 



manufacturing sectors also varies, depending 
on the size of the economy/ the nature of the 
local capital market, the extent to which the 
economy depends on exports, and the flexijjil- 
ity of the labor market, '^hese national differ- 
ences maJce it difficult to nieasure and com- 
R^^ A^?.???*^^? that/ microeconomic mid 
macroeconomic policies have ^n a country's 
competitive advantag^ in international trade, 
its industnalinix, an^ its eihplojrment profile. 
International differences also irdMtate against 
the direct trahsplahpttion of foreign prograrhs 
to other eduhtries. jFinally, the av£iilability of 
information about/foreign support for PA is 
very uneven, and the timeliness and accuracy 
of that information is a recurring problem for 
ihterhatibnal cbmparisbhs regarding PA. Never- 
theless, this discussion is offered for il- 
lustrative purposes and to provide a measure 
of the level of foreign government interest in 
PA. 

Industrial athd teehhblbgical develbpmeht 
abroad appear to reflect less the dollar ambuht 
bf gbverhmeht support than the nature of 
gbvemiheht programs and their relation to ex- 
isting pbliticsd^ ecbhbmic, and social condi- 
tions. It is not clear that current PA R&D prc^ 
grams in the United Kingdom and France, for 
example, have been ribtably successful. The cli- 
mate for research aiid the mechfmisms for as- 
suring that research results are disseminated 
to industry in those countries may not be as 
favorable as in the United States. For exam- 
ple, the mobility of researchers between indus- 
try and universities appears to be greater in 
the United States. Moreover, Europeans are 
currently concerned that loss of their top scien- 
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tists to the. United States may diniirasfi tfieir 
prospects for economic growth.* 

A group of more than 200 European corpo- 
rate chief executives recently surveg^ed by the 
Street Joamal/'heU^^ continent 
has declined as a source jrf technolo^- leader- 
ship, with the U.S. mainj;ainmg its top posi- 
tion and J^pah gaining in importance."^ Fig- 
ure 39 shows how the executives rated 
different hatidhs in technological Jeadersidp. 
The perceived losses in technological leader- 
ship by European eauhtries— particulSly 
West Germany and the United Kmgdom— are 



'Piane L. Coutu, "European Nations Fret Oyer Mounting 
Losses of Scientists to the U.S.," The \VaU Street Joum^, Oct 
21, 1983. 

'J. Huey, "Executives i^sess Europe's Techhblbj^ Decline," 
Tfee Wm street Journa], Feb. 1, 1984, p. 28. The Jquin^^ Booz- 
M®'^ ^ HamUtqnT^hHs,, a^^ HR&H Marketlng Research In- 
temaUpnal of London selected the executives from the top 1,000 
companies in Europe yanked by revenue. TheJ^ourna/V coverage 
is based on-respdnses to the survey, Bbbz-AUeh s analysis, and 
the work of the '5 repbrtih Jowma]_ writesj 

'.^Tj^L^ sun^ey isn't ^tende^ rigorous, but it 

represents probably the most comprehensive current survey of 
executive attitudes regsrdtog the technology bh a pah-Eurbpeah 
and mUlti-industfy scale." 



striking. The explanations offered by the ex- 
ecu tivea surveyed mdude a^ladk of trained per- 
sonnel for developmg and introducing new 
technology; relatively low status for tech- 
nology issues and technical personnel^^^thm 
corporations; and a strong conservatism 
among European businessmen. These factors 
result in part in ah emphasis oh techholo^ 
for cost reductibnras opposed to ihhovation- 
as a source of hew products, improved prod- 
uct performahce, or improved customer serv- 
ice. It is interesting to note that most of the 
problems cited by European executives have 
also been cited in similar studies in the United 
States.' According to the Jourhal survey ^.Eu- 
ropean executives apparently believe that U.S. 
corporations are responding to those problems 
more effectively than they are themselves, de- 
spite domestic criticism of U.S. industry and 
policies. 



*See, for exami^, R. H. Hayes and W: J, Aberhathy, "Mana^ 
ing Our Way To Eobhbihic Decline," Harvard Business Review, 
*^^y'AV^K^flA1980. pp. 67-77; RvG._Shaeffer and_A. H Janger. 

^^4^^rence Bpaixl.^^^^ is Top Management?" report No. 
82 1. 1982, as well as other Conference Board reports: 



Figure 39.~-EuropGan Execdtives Pick Technological Loaders" {percoritj 



100 I — 




In the past 
Today and in the future 



J^.P.sPOi^^^Q's could choose more Jhan one country 

SOORCE: rhe-Wali.Blr0et Journal and Booz-AHen 4 Hamljibn. iric-, aurvey of rnore than 200 chief executives of corporations In 16 foreign coun- 
tries as reported In The Wstil StrS&t Journal, Feb. 1. 1984. p! 28. 
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On the other hand, European cburitries tend 
to focus more attehtibh, pbKtical support, and 
research on the hurhan. aspects of autdmatidn 
than does the United States. Atteritidri to so- 
cial issues related to PA parallels traditions 
in rnahy countries of strong programs for em- 
ploymeht security and training and prominent 
representatidh df labdr groups in the politicai 
arena. Cdhcern abfdad for the employment ef- 
fects of PA is high and likely to grow in light 
of the relatively Idw rates of job creation in 
many European countries and the labor dis- 
placement potential commonly associated 



with PA. Recent analyses by the Organization 
fdf Economic Cooperation and Development^ 
fdr example, concluded that the United States 
had created 22.5 milUon n 
while industrial empltg^ment in Western Eu- 
rope fell by 1.5 million m the same period.'* 

The folloA^'irig sectidns describe policies and 
programs in each cduhtry related to both the 
social and technical aspects of PA. 



*Paul Lewis,.* 'Nations Seek Key to Growth," the New York 
Times, Feb: 16, 1984: 



Japan 



Direct Gbverhinent Role 

Given Japan's scarcity df ihdigeridus natu- 
ral resources and its reliance dh other nations 
for imports df food, energy, arid raw materi- 
als, the Ijapariese strive to rilairitairi a high vol- 
ume df expdrts. Thus, iriterriatidrial cdmpeti- 
tiveriess arid the ability to sell abroad is of 
cmciai impdrtarice td the Japanese economy. 
Over the last decade Japanese firms have 
made a concerted effort to increase export 
sales in manufacturing industries^^ F^^re 40 
demonstrates how Jbhe character of Japanese 
exports and imports has changed dramatically 
-- In the past few decades; partly as a result of 
the stewardship of MITI; 

Since the Meiji Restdration in 1868, there 
has been a traditidn of Govenunent-industry 
eddperatiori, arid the Government has histor- 
ically been able to intervene effectively in the 
economy. Thus, industry has J:raditionaily 
^terid.eicLtojrfew__G ^P??*''^^'^ rath- 
er than as £Ui adversary or regulator; In recent 
y^^^^^hp'^everj^this cooperative relationship 
has appeared to break down to some extent, 
as evidenced by the ebbing role of the Ministry 
of International Trade and Industry (MITI). 

'Japanese Ministry of IhtemafidnfU-Trade asd Jndustr^^ 
"White Paper on International Trade," September 1982, p. 50. 



MITI was organized in the late 1940's from 
the Commerce and Industry Ministry; its 
name reflected a new emphseis on intemation- 
aJ trade. While the agency has less independ- 
ent power than is cbnamonly ascribed in ihe 
United States; MITI woifo; closely with indus- 
try associations ^d other Gbverhmeht agen- 
cies. For example, a stahdard^ractice is for 
a former official frbrn the MITI staff to join 
the staff df ah industry association arid act as 
a licdsdh. The agency sets broad industrial pol- 
icy, collects iriforriiatidri dri relevant research 
in other countries, arid prdmotes special stud- 
ies where iriformatidri is lacking. The dbserva- 
tidri that MITI's role riiay be decreasing seems 
td be based on twd major trends: First, the 
agericy played a major role in allocating scarce 
capital in the postwar period, while capital 
shortages are now much less severe. Second, 
many Japanese industries {automobile^^^ 
example) have become yeiy strong; hence; 
they require less aid and resist MITI's in- 
volvement. 

The Japariese Goverrirnerit has encduraged 
the riioyeriierit df people arid resources iritd sec- 
tors with a potential fdr high growth and high 
pfdductiyity. Japan's long-term economic 
plaris caU fdr reducing the imjjortance o^ the 
country's agriciUtural and manufacturing sec- 
tors, and expanding the economic role of the 



35d 

o 

ERIC 



Figure 40.--Lohg-Range Trends In Japanese Exports and Imports 
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less energy-cdnsuming» knowledge-intensive 
service sectors. M ITI sees this as following a 
Ipng-teitn trend which is already evident in the 
United States. It encourages this shift by pro- 
motiiig productivity and quality control gains 
and reductions in labor» energy, and materials 
costs. PA is one means toward these ends. 

Government Mechaiiisms 

Industries currently targeted for develop- 
ment by the Gbverhirieht in Japan include 
computers, microelectronics aiid electronics, 
-Jasers, fiber optics, bidtechndlpgy, robotics, 
aerospace, and telecdmitiuhicatidris.® The i 
strumerits of industrial development policy 
include: 

• W^OTS.— These are Goverhiheht-spdnsbred 
papers elaborating oh eurr eh t economic 
challenges facing Japan, aid discussing 
strategies to meet these challeBiges. MITI 
writes these documents in cdUabbratibh 
with industry, labbr, and pblitical interest 
grbups.' The visions are intended tb aid 
business and Gbvermrieht agencies iii 
strategic planning. 

• Governmeht Assistaht^^ 
Gbvernmerit provides small amounts of 
financial support for R&D in private firms 
in order tb serve as "a catalyst to stimu- 
late private sector support of mutually 
agreed upon industrial development pol- 
icy goals. In general, the role of Japa- 
nese universities in research is much less 
significant than the role of industry*^ and 
much less proirunent than that of their 
counterparts in the United States. 

• Rationalhation Cm-iels.— In the late 
1960's, in order to promote the develop- 
ment of ihternatiohaHy cbrhpefcitive firms 
in Japan, MITI guided the restructuring 

J'Harpy S- Mfi4^ Jack BaraBson, 7^ 

Trade Policy: Issues andAnA:gendaJorAct[oD,j^ 
D.Cn October 1981; and Cabinet Council on Commerce and 
^. .Trade» Ah Assessmehl ot U.S. CompetitiyeDess tn ftigh TBch- 
noJo^ Ijidustnes, U.S. Department of Commerce, ITA, Feb- 
ruai^l983._ 

'Jimimy Wheeler, Merit Janow. and Thomas Pepperj_ Japa- 
nese JudimtrisLJOeveiopment Poijdes ia the 1980 's: IxnpUca- 
tiohs for U.S. Trade Wd //3 vestment (New ^ork: Hudson In- 
stitute for the U.S. Departraeht of State, October 1982). 

•Ibid. 



of Japanese industry by encouraging cor- 
porate mergers. (An increase in the num- 
ber of new enteiprisi^s in Japan through- 
dut the 1 960 's had fesulted in strong 
domestic competition and a destabiliza- 
tion of Japanese industrial 
There continues to be a higli level of merg- 
er activity toward the ends of enhancing 
management, maximizing the ^se of * 
R&D^ and facilitatjng the movement of 
capital conong activities. Mergers Bxe also 
motivated by the costs for large-scale in- 
vestments in R&D smd equipment.® It has* 
recently been observed that ebmpanies 
af e begihhihg to resist MITI-eheouraged ^ 
mergers as dbmestie competition in 
high-teehhblbgy industries increases. 
• Tax Jhcehtives.— Special depreciation 
allowances exist for designated plant and 
eqxiipmeht, in order to encourage devel- 
bpmeht of targeted industries, 
Monetary PpJfcies.— Thrbughbut _the 
postwar period, up until the early 1970's, 
the Japanese ratianed credit. The Bank i 
of Japan controlled the discount rate to 
influence micrpecdnomic decisions. -^'Typ- ^. 
ically, this ability was used to bias flows 
tdward investment in prdductive infra- 
structure and capital-intensive m^ufac- 
turing and away from cojisumer spend- • 
ing, housing and social infrastruct^^^^ 
This control jroded in Jihe 1970's as Jsqpan 
joined the Internationcd Monetary Fund 
(IMF[ and the Organization for Economic 
Cooperation and Development (9EGD), 
and its capital market became rnore inter- ^ 
nationalized for a number of reasons. 

Gdvernmetit Concern for Social Impacts 
of TechnolDgical Change 

The Japanese Gbvenimeht has strong cbh- 
cerhs about the social impacts of increase ap- 
plicatibn of PA and other ne^w technblbgies in 
the manufacturing sector. The Japanese Min- 
istry of Labor released a report in May 1983 



*MIT Ceater for Policy AXtexneLXiyesJ^ 
Samce md Todmoiogy: An Exahiinatidn of Foreign Exchange, 
1976. _ 

»°Wheeler, et al.» op. cit., p. 7. ' 
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entitled.^* Micrbelectrdhic and Its Impact bh 
Labor/ '.The report focuses oji the employment 
effects of robots and microelectronic products 
?^^^_P^^^ss^s Japanese firrns. In.respbiise 
to the employment effects of Changes in pro- 
duction_t«:hnologies in Japanese iridusti^, the 
- ' Minis try of Labor has requested funds for the 
estabfohrfent of a *^policy department'' v^/thin 
the m?nistiy . This department would monitor 
employment trends and allow the mimstry to 
develop recoiranendations which w^^ be con- 
sidered in the development of nationa). oconom- 
ic policy/^ t 

Government Support to Inditstry 

The Machine Tool Industry 

A fundamental differehee in the approach 
of the United States and Japan toward sup- 
port of the machine tool industry is that U.S. 
programs hayo^develdped machine- tool tech- 
nology for military prbductibh purpk)ses, while 
the Japanese Governmeht ehcburaged broad 
industrial application of hew machihc-tobl 
t^hnology.^2 The Japanese approach included 
• government-funded research institutes, which 
allowed Japanese firms to spend less on R&D 
thM private U.^. firm generally considered 
necessary. Japanese research institutions were 
particularly responsive to the suggestions and 
experience of commercial end-users of the t^h- 
nblbgy.^^ 

Japanese competitiveness in the low end of 
the world machirie-tool market reflects the 
widespread nppUj^txon of the technology in 
the domestic e^oriomy/T^ Japanese Govern- 
. ment provided technical information and as- 
sistance to small and rnedium-sized firms to 
•encourage the application of machine-tool 
technology in industri£d production. Govem- 

"U.S. Embassy^ Tokyis. Japan, unpublished summary of Jap- 
aneise Ministry of Labor Report on Microelectronics and Its Im- 
pact on Labor, Aug. 5 , 1983. 

. . ''See National Machine Tp^^^ Association, petition 

to the U.S. Department of Commerce under the Nationid-Se- 
curiLyLeipase for adjustment of imports of machine tools. Mar. 
10, 1983; and the response from the Japan Machine Toed 

Builders ^Associa^^ : 

_ _ ' IN a ti onal_ A cademy of E ngi neering. The Competitive Status 
of the Machine TooL Industry (Washington, D:Cr: National 
Academy Pre.ss, 1983), p: 31. 



rheiit-spbnsbred J;echnicai centers provided 
cost-benefit estimates, customized software, 
and training to firms interest^ in niunerically 
cbhtrolled (NG) macSihes. By reducing user 
uncertainty and costs, the Japanese fiave been 
able to develop both domestic and internation- 
al markets for small NC rriachihe toolsV^ 

The Robot Ihdustty 

The Japan indqstnBl Robot -Assoc/ation.—- 
Tn 1971, the Industrial Robot Round table was 
established; this was a precursor to the Japan 
industrial Robot Association (3ZRA Formed 
in 1972, JIRA was ihitiaily a Qovemnient cor- 
poration fihancedL by the proceeds of sports 
eyerits spoiisbr^ by the machinery industi^. 
In 1973, JIRA t^ameah incorporated private 
association. This cbhfiguratibh allows MITi 
to deal with robot producers as a group. One- 
third of Japanese robot producers. belong to 
JIRA, as do many Japanese and foreign rb- 
bot users.*'* JIRA's fuhctidil is to prornote the 
development of the robot industry through 
market surveys, the monitoring of techhblog- 
ical advanccii, public relatidhs, arid develop- 
ment of new applications for robot systeriis. 
JIRA has been much more advanced -in the 
collection and dissemination of information 
about robots and^ their uses than the associa- 
tion's counterpsff-t in the United States, the 
Rbbbtic Industries Association (RIA, formerly 
the Rbbbt Institute of Arnericaj^ However 
RIA is mbvihg to bolster its information 
gathering and disseminatibn capabilities. 

Jmmn Robot Leasing Co. —MITI has pro- 
moted the development and application of ro- 
bot technology as one means of pursuing its 
overall strate^es. However, the Japanese ro- 
bot industry received little Government assist- 
ance trntH the late 1 970 's: In April 1^^^ MITI 
encouraged the establishment of the Japan 
Robot Leasing Go. ( JAROt j. J ARGL was e§^ 
tablished in order to jprombte the use of indus- 
trial rbbbts thriDughbiitihe Japanese ecbnbmy. 
The cbmpahy leases rbbbts prirharily (90 per- 

'Mndustry and Trade Strategies, unpublished contractor re- 
port for OTA: _ _ __ 

- "U.S. General Accounting Office, Industnal Policy: Case 
Studies in the Japanese Experience, Oct. 20, 1982. 
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cent) io small and medium-sizedWterpr ises. 
JAR0L is joinHily o^Tied by 24 major robot 
producers and 10 life insurance companies^ 
The company ihitiaiiy rece: ved no Governinent 
funding, but now receives 60 percent of its Ji- 
hfioicihg frbrn the Japan Development Bank 
in the fdrm of low interMt loans. The remain- 
ing 40 percent of JARDl financing comes 
from the Long-Term Credit Bank, the Indus- 
tri^J Bank of Japan, and various city bmiks. 
These favorable capital rates allow J ARQfc to 
lease robots at more favorable rates than or- 
dinary leasing companies c^n offer. Neverthe- 
less, other leasing companies and large robot 
vendors have also offered leases to robot users. 
JAROL received approvd to exteni leasing 
to companies abroad in the spring of 1983.^® 

Finamial Incentives.— MITI has also en- 
couraged the deyeldpment of several fiscal and 
financial iricehtives to promote robot installa- 
tibn. Low interest loans are provided to smril 
and medium-sized enterprises through the 
Small/Medium Business Finance Corp. jGhus- 
ho Kigyo kinyo Kqkoj and the National Fi- 
nance Corp. In addition^ interest-free loans of 
up to 12 million yen ($51,060*) are provided 
by the Govemrnent^o small and medium-sized 
enterpi ises for the modernizatioh of manufac- 
turing facilities^^' in order to_ promote robot 
applications for dangerous^ jobs, loans are 
available at 8 pereent interest for the first 3 
years and 8.3 percent for the remaining life of 
the loan. The Govermneht budgeted 5.8 bil- 
lion yen ($24.8 millibh) for these loans in 1980. 
In addition to ordinary depredations, a special 
depreciation allbwance was established in 
April 1980 for thbse firrris installing industrial 

'*Paul Aron, The RobqtScene Japan: An Up^^ 
1*26. Duiwu Securities America, Inc., September 1983^ 

♦Throughout this OTA report, foreign currency cunount.s are 
converted to their U.S. equivalent using teeigti exchange rates 
in New York on Feb. 1. 1984. as cited in The Widl Street Joun 
naJ, Feb. 2, 1984. Because the dpllsu- was ex traordi^^ 
compared to foreign currencies at that, Ume, the U.S. doll^^ 
equivalents given in this report are lower than they would be 
under more typical foreign exchange Conditions. For reference, 
the exchange rates used are $1 =23^.25 Japanese Yeri.-0:7089 
BrittsK Poonds. 1.2473 Canadian Dollars. 8.5425 French Francs. 
7.853 Norwegian Krone, 8,1425 Swedish Krona. and 2.792.5 
West German Marks. , _ - 

''Wniiam Rapp, Commercial Counselor. U.S: Embassy. Tok- 
yo, personal communication, October 1983. 



robots. A nianufactarer who installs robots is 
permitted to depreciate 12.5 percent bi the 
original purchase price in the first year, ih.ad- 
dition to ordinary depreciation ^owances. 
This may allow a firm to depreciate its robots 
as much as 52.5 percent during the first year. 
The depreciation rat^ was lowered to 10 per- 
cent for 1984 and 1985; the program is due:to„ 
expire in 1985, though it may be renewed.^' 

Research and Development 

In 1977, Japanese Industry provided B5.7 
percent of R&D fundsin Japan, while the Gov- 
ernment jgrovided 16.1 percent and universi- 
ties and other groups provided the remaining 
18.2 percent. By contrast, in the United 
States^ industry provided 43.8 percent, Gov- 
ernment 51.1 percent, aniuniversities 5.1 per- 
cent, in the Federal Republic of Germaiiy_,iri- 
dustry provided 55,6 percent, Goverrimerit 
41.5 ipercent, and 2.9 percent came from for- 
eigners*^ (see fig. 41). 

The Japanese Govenmient^ like the United 
States and Europeai govemmea .s, iamodost- 
ly subsidizing R&D proj^ts oh robotics (table 
72). MITrs Agency of Industrial Science and 
Technqloj^ has two laboratories in which a 
considerable amount of research on robotics 
is carried out— the Eleetrd-Techhical Labora- 
tory and the Mechanical Ehgineeririg Labor- 
atory. MlTl has also developed cooperative 
projects among competitive robot manufac- 
turers, who contribute researchers to the joint 
efforts. Public research has fckiUsed on theo- 
retical problems that also tend to be relevant 
to applicatibhs^spe^ control, improved posi- 
tibnirig accuracy, simplification and modular- 
ization of robots, sehsoiy perception, Euid pat- 
tern recognition ability. These joint research 
efforts havfe sought to avoid cluplication of re- 
sefiu-ch effbrts by the producer firms. In adcH- 
tioh, MITI, in conjunction with JIRA, spoh- 

'"G AO Industrial Pclicy Case StGdies, bp, citj. pp. 25«27^and 
jPaul Aron, Daiwa Securities America, IhcM "R^bbts Revisited; 
One Year Later." Report #25^July_:^8Ll98_l,p,'16 as reprinted^ 
m OTA Commissioned Background Papers to the Expjpratoiy 
Workshop on the Social Impacts of Hobotica, February 1982. 

'""Science and Technology Whi^ Papnr '81 Released," Sci- 
ence and Technology in Jflpan, January 1982. p. 9. 
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Figure 41:--^Govemment/lndustry/Uhlverslty Shares of RSD Funds and Expenditures 

(Unit o/oj 



^apan 
(1977) 



United States 
(1977) 



West Germany 
(1977) 



France 
(1977) 



United Kingdom 
(1975) . 



Funds 



Expenditure 



Fun or- 



Expenditure 



Funds 



Expenditure | 



Funds 



Expenditure 



Funds 



Expenditure 



Industry 65.7 



Gdverriment 
16.1 i;27.4> -Universities, etc. 

18.2 




Industry 65,2 Y - 21:7 ^ 

(i:9% of industry)-! Gdverhrtieht Universities, etc. 



Industry. 43.8. 



Universities, etc. 

_ Governmeril^U 5:1 




Industry 66.8 

(35.30/0 of industry) 



. . 15.3 .173 
Government Universities, etc: 



Industry 55.6 



Government, etc. 
Foreign 2.9 _41,5_ 




Industry 68.4 V — _ 15:2 16.4 

(15:8% of industry) .. Gdverrimerit Uhiversities. etc. 

^^^'PJJ}^J^^ Universities, etc: 
37.7 (52.7) 15 7 



Industry 41.1 Foreign 5.6 >■ 

i 




Industry 60,3 _T '_ 22:8 169 . 

(25.3% of industry) Government Univereitles, etc. 



Industry 4iD,8 Foreign 4.9 



Government 



Universities, etc: 
-2:7 




Industry 62.7 

I . ._ ^ (30:9% of industry) 

SOURCE Scionco and fochnology in Japan. January 1982. p 9 



26:6 103 
Government Uriivisi'sities, q\c. 
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table 73.— Governmerit-Spbhsbred R&D Projects on Robotics In Japan 



Period 



Project : 

indujs trial Bpbpls_Slandardizatiori Project : .1974-81 

Research Assembly Work . . . • • • ! • • -1976-78 
Research Project an System Design in Computer-Assisted 

RbtDOt System Engineering :^ 1976 

Laser Based Flexible Mariufacturihg System Technology 

Research Project,.,. , 1977-84 

Development & Research Project of Multiple Production 

System Adapting Super-HJgh t:aser5 1978-83 

Research Project on Rbbotizihg Cast Finishing Work .1978-83 
Research Project on Automatic & External Assembly of -- 

_ High-Rise_ Buildings .. ^ . 1^78 

Technology Assessment of Industrial Robots. 1980 



Sponsors 



AIST/MITI^ 

Japan Small Aato Promotion Association 

Japan Machirif^ dustrial Association 



MITI 



AIST 

Small Business Cdrporatibri 

Japan Machine Association ._ __ 

Japan Industrial Technology Promotion 
Assdciatidri 



aAiST- Agency of indubitlal Science and Technology; MITI— Ministry of Internalional Trade and Industry. 
SOURCE Wiiham Riii>{\ Commorcial Counselor. U.S. Embassy. Tokyo, personal communication. Oct, 13. 1933. 



sbrs the wide dissemination of resulting 
research data.^** 

Bec^mitiJig in AlirU 1982, MJTl was to carry 
out o 7-year, 30 billion yen (S128 million) ro- 
bot research prbgraih. It was intended to de- 
velop i-obbts suitable for wider application, as 
well as to develop indigenous Japanese robot 
teciihbrogy in order to reduce reliance on 
Aihericah and Wcslerr. Eurof^an itmovations^ 
The program was postponed for a time due to 
budgetary cbnstraints, but work began in fis- 
cal year 1983, and is still expected to be car- 
ri^ but over the envisioned 7-year period with 
full funding.^' 

Another of Japan's large-scale technology 
development schemes involves /'developing 
complex prbductioh systems in which mechan- 
ical cbmpbnehts f or small-batch production of 
diversified products can be flexibly and rapid- 
ly produced from metallic materialsjn sen in- 
tegrated system."" Under this scheme MITI 

"Paui-Aron, Report J25, op. cit., p. 17; and Paul Aron, Re^ 
port #26, dp. cit, pp: 2a_-27. • 

Paul Arbh, Report #26. op. ci£: -. 
"GAO Industrial Policy Case Studies, dp. cit., p. 9. 



provided 20 percent [13 bilHbn yen ($55^5 mil^ 
Ubhj bver fiscal years 1977-83J of the fundJi^ 
for the deyeropmerit of a Flexible Manufact^- 
ing Complex Utilizing tas^rs."^^^^^^^^ 
did hot finish bri schedxile, and was extended 
through 1984 with an extra 1 billion yen J$4.3 
millibh)." The project had to be scaded down 

^ because extensive reliance on one tiarge laser 
did riot prove practical. The program fi^^ 

' incoi|)drated more conventional appKcations. 
These applications, however^ are not being 
used widely in the comnjercial sector fbr tech- 
nical reasons. The project has become some- 
thing of a^"showcase" for advanced Japanese 
technology^ Other projects aiming at comput- 
erized mcmufaetunhg integratibri fip-e also 
underway in Japan, building on machirie tool, 
robot, and computer research efforts. 

■ ■ ■ ! II - 



"U.S. Departmeiit of eommerce, I n temational Trade Admin- x 
istratjon. High Technology Industries: Profiles and Outlooks. 
The Robodcs lndustryj Ajpril 1983^ p. 25. 

"Federal Brc*^.4cast Information Service and GAO Industriial 
Policy Case Studies, op. cit., p. 28. 



West Germany 

ah hatibhs. The country has a highly devel- 
oped social welf are sys^ xn providing genCTOus 
health, Uriempibyment, and^ocisd se^^^ 
beriefits; the system also permits a degree of 
worker participation in business manage- 
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; Direct Gbverhmeht Role 

Government expenditures as a percentage 
of gross national prbduct in West Germany 
are relatively high cbmp^ed tb bther Europe- 
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ment." Jioweyer, W^^ has rid 

sfiarply defined industria^^ It is similar 

to tfie Urated Statesin that Government sup- 
port for indusfcty is more or jess decentralized, 
and there is substantial support ^t the State 
level. The Lander (States) can ^ve housing 
^arits to workers, gramt Imid, and jgrovide 
credit guarantees to attract new industries or 
preserve did biies.^* 

Sinc^^th^ejilj^^^^^^ 
ment intervention in the German economy has 
increased in the form of direct subsidies, tax 
relief ^ special^ deprecjation allowances, and 
preferential interest rates The Government 
guarantees risk-capital^ loans to private busi- 
ness tlu-ougfi Risk Financing Associations, 
which are made up of private banks. The Deut- 
sche- Wagms Finanzierungs Gesellschaft 
(DWFG), formed in 1975, is ^finfflacing con- 
sortium owned by 58 large commercial bEuiks 
and backed by the FederS iStovemment to pro- 
vide venture capital in the FRG." Tihe Govern- 
ment has also developed fiscal policy incen- 
tives to promote inhbvatibh, as well as an 
iiifdrmatibn network bh hew patents to ensure 
that they are effectively applied. 

The Government provides over 90 percent 
of total R&D spending in Germany^ although 
it prbvidej3 only Kroited (Erection for research. 
The Ministry of Research and Technology 
(Bund 'sministerimh fur Fbrschung und Tech- 
hblbgie, or BMFT) is the coordinating agency 
for technblbgy policy and the major pfo\ader 
of R&D fiihds. BMFT is cbhcerhed with gen- 
eral macrbecphbrnicpbUcy, prbmbtibh bf iiihb- 
vatidri, and the health of small and medium- 
sized businesses. The Science CdUricilt or 
Wissenschaftstrat, determines the objectives 
andjpriorities of R&D policy and makes budg- 
et allocations and recommeridatidris. The 
Council is comprised of a board df experts 



__ "MIT Center- for- Policy Alternatives, National Support for 
Saehce and Technology: An Exahuhatlon of Foreign Exchange, 

1976. 

"Wolfgang Hager, N&Upnai Industrisl Strategies and the 
- World Economy, William Diebold and J ohn Pinder-(ods.); A tlan- 
tic fnstiEute for International Affairs, Research Series, vol. 6, 
\ 1982, p. 241. 

- "''yenture Cajpjy^ to Get Off die Ground." Finan- 

cial Times of London, Feb. 11, 1983, p. Ic. 



frdm the Gdyerhmeht [both the B 
and Lander (State)], academia, industry, and 
the German research institutes. Although the 
recommendatidns df the Council are hot bind- 
ing, they carry cdrisiderable-influeh^ — 
Wissenschaftstrat embodies the emphasis 
that German society places dh scientific en- 
deavors." 

Government Concern for the Social Impacts 
of Technological Change 

Goverhiheht-labbr-industry relations in re- 
gard to ehcburagihg and adapting to tecfinol- 
dgical change are particularly good in West 
Germany. A weU-develbped cbmmuhicat 
network has been creat(^ between industry 
and Gdvernmeht through **quasi-public, semi- 
autonomdus" research iiwtitutes and a system 
of advisory councils." The fdundatibh for cbn- 
certed action between labor unions and em- 
ployers' assodatidnsdn the dhe hand, and Fed- 
eral, State, and local gdvermneht offici 
the other, was established in 1966 with the 
Stability and Grow^ Regular cdhsulta- 

tion between Government ministers and labor 
union officials on_ matters concerning indus- 
trial policy^ income policy, and international 
cbmpetitibn and trade^policy has evoked a so- 
ciid cbhsehsus.'° The potentid social impacts 
of techhblbgical change ^particularly those 
tha^ may take place within the workplace) ' 
have b^h part bf tha poKticadi agenda. 
ThrdughbiSt the 1970's, following the German 
Social Democratic Party's rise to power, a 
large number bf CK;cupatibnal safety and 
health measures were enacted by thie Federal 
rtejpublic df Germany, See chapter 5 for a mbre 
detailed discussidn bf relevant legislatibh and 
the Humanization df Wdrk Pfdgram, which is 
a central feature df Gdvernmerit actidh td ad- 
dress the social impacts df techndldgical 
change. ^ 



'"Malingren; dp: cit:; and Massachusetts Institute df Tech- 
hbldgy, dp. cit., pp. U-23. 
"Malmgren, op. cit., p. 39. 

^/ntenifl4ronfl/ Trade, industrial Policies, and the Future of 
American Jjidustry, The taboE indastry Coalitioh for Interna- 
tional Trade; April 1983; p: 30. 
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Government Support to Industry 

Government Commitment to Small 
and Medium-Sized Firaiis 

In the late lQTO's, the Federsd Republic of 
Germany initiated a number of programs to 
prdrhdte research, development, and innova- 
tion in small and medium-sized enterprises. 
The directirig of technoiogy poEcy tow 
these companies represents a growing aware- 
ness in the West GermjmGovernment of the 
importance of such firms for mnbvatibh, 
growth, and employment.'^ These prb^ams in- 
clude funding for scientific and ±eehnic£il per- 
sonnel, external contract research, and innova- 
tion consultancy. 

Direct\ support of small and medium-sized 
enterprises by the BMFT has 'j.^n rising. This 
reflects expansion of BMFT programs to in- 
clude electronics, computer applications, and 
humanizatidn of the working environment, in 
addition, the BMFT has increased its efforts 
to make smaller firms more awareof the Gov- ^ 
ernmeiit support available to them. The Min- 
istry for Economic Affairs (Bundesminister- 
ium fur Wirtschaft^r BMWi) assists small 
and medium-sized fuTOs indirectly support^ 
ing the Federation of industrial Gobperative 
Ilesearch Associations (Arbeitsigemeihschaft 
IndustrieUer Forschungsvereimgungeh, or 
AIF)^AIF consists of more than 80 individual 
research associatibhs which aid the srnaller 
firms through publicity, research seminars, 
and technieal advisbiy services- Another pro- 
-am administered by BMWi provides subsi- 
dies fbr 30 percent of the total cost [up to 
DM120,000 ($43,000)] of contract research 
placed by a small or rriediUm-sized firm with 
a public or private research institution. The 
program is funded, however, by BMFT.^^ 

The laf pst curf eni pfb^am dpsigii^al to 
support small and rhedium-sized firrns is the 

Program of Grants Tbwards the Costs of 
R&B Personnel." The program is adminis- 

>'"rmpacts-df Gavemment ljicentives TowaMs Industrial In- 
novation," Meyer-Krahmer. Gielow and Kuntze. Research Pol- 
icy, June 1983. pp. 153-154. . _ ^ ^ 
_ ^^ECD, InnovatJon in Smali and ^fediuIn Enterprises, Pans. 
1970. p: 133: 



tered by AiF on behalf of BMWi. it off^s 
grants of 25 percent of gross wages and^ala- 
ries, and 40 percent of the e^jpenses of R&D 
personnel.'' This program provided DM1.1 bil- 
lion ($394 miilionj to West Gerrn^ industry 
between 1981 and 1983^ it^ objective is to nur- 
ture industrial innovation by prbvidihg sub- 
sidies for scientific and technical persbhhel. 
BMFT also provides free iimbvBtibh counsel- 
ing to small and medium-sized firms in SjBver- 
al offices throughout the country Jh additibn, 
there is a Technology Genter in Berlin which 
is linked to the Sennan Engineers Association 
(Vl5l[to promote the diffusibh bf techndlbgy. 
This center provides ihfbrmatibh bri the adop- 
tion of microeleetrbhics and other technolo- 
gies, assists firms in applying for R&D sup- 
port from Federal agencies, and carries out 
studies oh hew techriblbgies.^^ 

Research and Development 

The Minist^ of Research and Techhblbgy 
(BMFT).— The Ministiy supp^^ apprbxi- 
mateiy 6,000 projects in the fbrm bf grants to 
research societies such as the Max Planck or 
Fraunhofer institutes^ hatibhal laboratories, 
and mdivadualjresearch grbups in uiiive 
and industry.^ The 1083 budget breakdown is 
shown in table 73^ It is expected that R&D 
fuhcKng will increase for biotechnology, infor- 
mation seiehce, micrbelectrdnics, robotics, en- 
virohmehtal prbtectidii, climatology, and pub- 
lie health.3^ 

in 1980^ BMFT established a program, 
called 'Tertigungatechnik," which supports 
the development of advanced rhMufactUring 
technologies. The program is directed at R&D 
efforts in small and medium-sized firms in or- 
der to provide a iiigh level of technological 
capacity in West Germany, iii particular, it 
prb\ades Gbverhrherit funds ^^f 
projects with high innovative potential.^® The 



"Lcibor Industry Co^alitjbn. op. ciL; and Dietmar KTenzel, 
Cdunselof, -Science and Technology^ Embassy of the Federal 
Republic of Germany, personal communication, Feb. 23. 1984. 

>*nECD. dp. cit. - 

"U.S. CabLeTraffic. Americnh Embassy. Bonn. June 27. J9.S3; 
Robert Morris. Counselor for Scientific & Technological Affaifi? 
'•Ibid: 



ERIC 



Ch. 9-- Internationa} Support for Prograwm^bm Amomatlon • 349 



Table 74.— Budget of the BMFT" 



Category of-expenclUUre M iilioris" o f dollars ■ 

General (societies arid Institutes) $ 217 

Science and technology research 578 

information technologies _ 243 

Energy 1,052 

Space, oceanography; transport ^14 
To\a\ $2304 . 

'^in U S dollars converted at $1 - DM 2.7915. ~" 



SOURCE Rofien.Mofris^Coun.selor tor Sctenfific and Techriological Aftairs, U.S. 
Embassy, Bonn. FRG 

program distributes funds in the form of 
grants or loans for private, basic R&D. and 
private or corrmiercial R&D that includes work 
on the commercial application of existing t^h- 
nologies. There is also Government-funded 
R&p activity in Government facilities and 
State-owned firms aimed at developing new 
tecjmologies^ The program spent DM44.1 mil- 
lion ($15.79 miilionj in 1980, and DM58.5 mil- 
lion ($26.95 niilHonj in 198^ sig- 
nificant increases for subsequent year^. Due 
to budget cuts, however, only DM45:7 million 
($16.37 miHion) were available in 1982, and 
only DM38.5 million ($13.79 miHionj in 1983.^' 

The Government is also invdlved in moni- 
toring foreign technological developments, fos- 
tering Goyernment-industry cooperation, es- 
tablishing national standards, providing 
international educational exchange programs, 
and export promotion. 

•■mi.' ■ • 

• r 

West German — Norwegian Collaboration 

The Fraulihofer Institute for Productibn 
Systems and I5esign Technology (JPK) arid 
three other West German industrial research 
institutes have been involved in a joint Gov- 
ernment-sponsored research effort v/ith the 



^^Robert Morris, U:S: -Embassy, Bdiih, FRG, personal cbm- 
mUhicatibh, AUg. 4, 1983. 



Norweg^mis for the last 2 years^ The effort 
arose out of negotiations securing West Ger- 
man rights lb drill for Norwegian ojl, £tnd it 
irivblves technical universities and industrial 
firms in both ebuntries. The Norwegians and 
West Germans are developing an advanced 
production systeiTL (APS) fbr GAD apjpKca- 
tiohs in rnechaiiicjd erigirieeririg. APS would 
integrate into a modular system eidstingpfb- 
grams for geprr-t trie mbdelirig, NC machine 
tool programing, arid process plaririihg. The 
lorig-terrii goal is to develop a state of ihe art, 
computer-iritegratjKi mariufacturirig system to 
be marketed by the firms irivblyed. The pro- 
gram is built around an advanced gepriietrical 
modeling system, which is designed to inter- 
face with afi elements of a mariufacturirig sys- 
tem from design to assembly. APS is siiriilar 
to the IP AD smd ICAM projects being funded 
by the National A^^ and Space Ad- 

ministration and the U.S. Department of De- 
fense (see ch. 8). The APS progrs^ initiated 
in 1981, had m initial joint funding commit- 
ment of $45 milKon.^® 

R&D Tax Gredit 

The West Germans have instituted a special 
tax credit to promote R&D. A 40 pefcerit de- 
preciation allowance is granted for movable 
equipment utilized exclusive^ for R&D. A 15 
percent depreciation allowance is available for 
fixed plant equipment which is iitiUzed two-, 
thirds of the time for R&b. Another lO^er- 
cent depreciation allowance is avsdlable for the 
cbhstructibn cost of buildings of which at least 
one-third is devoted to R&D.^^ 



_ "Eujgene Me^^ Metcut Associates, peraonal comniQni- 
qation; _ and American Metsd MurkBt/Metsl Working News, 
"CAD/CAM Systents in Europe," Apr. 11, 1983. 

J**H: G. Morris, Cbuhj^lor for Scientific a^^^ Af- 
fairs, American Embassy, Bomi, personal communication, Auir 
4, 1983. 
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Sweden 



Direct Government Role 



The Swedish Gbveriuneht has traditiox^y 
played A very strong role iii the Swedish efcon- 
brhy. The Gbvernment owns 5 percent of Swe- 
dish industry, primarily in mining, public util- 
ities, trahspbrtatidh, and communications/^ 
Exports and imports accounted ior an aver- 
age 30 percent share of GNP between 1975 
arid 1980 in Sweden. Principal producers for 
export include sWpbuilding, mining, steel, and 
forest industries. Nearly half of aH Swedish 
dustrial products are sold abroad, w&He abmoat 
all of the Swedish ener^ supply is impbrted. 
Machinery and mechanical equipment alsb 
make up a large share of Swedish impbrts. 
Given Sweden's dependence oh external trade, 
international competitiveness is vital tb its 
economy. 

In the 1970;s, Sweden was faced with seri- 
bus structural ecbridjiuc problems. With what 
was traditionally an export-led economy, the 
cburiti^ began to encounter increased competi- 
tibri in its major export markets^ The oil price 
increases and high w^ge cqsts^combined with 
shrinking world demand and growing int 
tioiial competition, caused Sweden's majbr ex- 
port sectors to deteriorate. The rise in lvalue 
ol "he Swedish Crownjts a result of tte Eujro- 
peaii Currency Agreement alsb hurt Swedis^h 
exports. The most immediate aim of ecbhbmic 
policy in Sweden today is tb lower relative 
prices of Swedish industrial goods bri the worid 
maSet, to regain Swedish market shares in both 
the export arid dbriiestic rilarkets.^^ 

The Swedish Governrnent recognizes that 
production of PA equipment rriay be strate- 
gically desirable, and it is concerned abbut a 
possible short^e of skiHed labor. Histbrically. 
Swedish Government outlays iri suppbrt pf ac 
tive manpower policies have b^ri relatiyely 
high. The Swedish "Active Labpr Market" 

*^he Swedish Institute, "Fact Sheets on Sweden," September 

19SQ. ^ _ „ 

*'SwBdisih Industry Up _t_o_ 1 990j_ Analysis and Pqhcy Pr^^ 
sals, Natidriol-IndastHal Board of Sweden, 198) Autumn He- 
port, pp. 84-85. 



policy includes early arid mandatory notifica " 
tibri of plant clbsirigs, a virtual State monopoly 
on ernplbyriierit services, and extensive career 
ebuhselirig arid support for training pro- 
grariis/' 

Swrjden's unique pblitieal arid cultural cbri- 
text favors certain types bf inribvative prb- 
^ams, while it makes ebriiparisbris of Gbvern- 
ment policy with other cbuntries particularly 
difficult. 

' Government Support to Industry 

According to an officS of the Royal Swed- 
ish Academy of Engineering Sciences: 

The ability of Sweden to compete on the 
world market for manufactured products will 
increasingly depend on the abiUty arid will- 
SgSess of Swedish industrial firms to inViest 
iri arid use the new generation of manufactur- 
ing technologies.*' 
The National Industrial Bo^d has alsb 
stressed the need to promote structural ecch 
ripmic change in Sweden in respbrise to 
changes in wqrW markets aniSwederi's dete- 
riorating competitiveness. It has recbm- 
mended three^major types bf policy measui-es. 
The first promotes develbpriaerit bf prbductibri 
resources through irivestmerits iri techriblbgy 
development arid aequisitibri bf capital stock 
in sectors that ari expected tb be competitive 
in the long terrii. The secbrid eriiphtisizes sel«- 
tion or targetirig bf those areas which are ex- 
pectedib prbduce the highest yields in the fu- 
ture. Finally,^ the Board stresses that the 
distributibri bf labbr arid capital in the produc- 
tibri systern may be strongly influenced by po- 
litical cbricerris. 



♦»M. Behdick, Jr., "The Swedish 'Active Labor Market' Ap- 
prpac h to Reemploy i hg'- Workern Di sloca ted- by E conomic 
Change," The Urban rnstitute, V7afihingtbh, D.C., March 1983: 

^^Hara? Anderson, I^oject Manager^ fteyal S^^^ A_ca^^"^y 
of Engineering Sciences, personal communication. May 19, 
1983. 
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The Swedish Committee on Labor Market 
Education and Training Within Industry 

With respect to labor development^ the 
Swedish Cbmimttee bh taboir MarJcet Educa- 
tibh arid Trainirijg Within Induot- y ?KAFUjjs 
currently studying Swedish needs for skilled 
labor. It is explbrihg whether or not the educa- 
tion arid training system ia suppbrtihg those 
with **a weak pbsitibn in the labor market," 
and whether or not the Gbverriirieht should 
take action which wbiild put persbnhel traih- 
ing directly within cbmpariies. Despite the ac- 
tive manpower pohcies, lirieriiplbyrneht is still 
high, and there is some concern that Gbyerh- 
P??t-funded training programs are becbmihg 
just a "holding pen" for otherwise uriempl(^ 
workers.'' The National Industrial Board is 
also concerned about the supply of skilled la- 
bor and relevant Government responses. 

The Swedish CommissiDn on Computers 
and Electronics 

In April 1981, the Swedish Cbmmiasibh oh 
Computers arid Eli^trdriics (Data-bch Elek- 
tronikkomitteri, or DEK) repbrted tb the^Mih- 
ister of Industry on the pfbmbtibri bf PA in 
Sweden. According to DEK, large bppbrturii- 
ties for improving productivity lie iri; 

. . . optimally ihtercbhhecting vaarious proc- 
f^ses into bbmputer-iritegrated mahuf ac tur- 
ing systems. In the engineering indust^^ 
and especially those subjected to strong in- 
terriatibriaJ cbihpetitibh {autbmbtive indus- 
"^^r^^^^P^^^r^i^id telecdmmUmcat^ cbh- 
sumer electronics, household appliances, 
etc.), systems ihtegratibn is regarded as the 
key to survival in the l^SO's.** 

CiAD.— The Swedish CJbverrirneht has 
placed a high priority on prbmbting the devel- 
opment of CAD. In 1982, DEK iritrbduced 
new legislation which included the allbcatibh 
of 14 million Skr ($1.7 mi^ duririg 1982/83 
in part for the formation of three GAD ceri- 

**Bendick, op. cit; - . , 

port from the Computers and Electronics Commission. Ministr>' 
of Industi^. Liber Foriag. Sto^-icholm. 1981» p. 1. 



ters.^« A DEK report lists the following mp- 
tives for promoting the diffusion of these tech- 
nologies throughout jj:he economy: 1 j to 
increase productivity ani thereby, profitabil- 
ity; 2) to improve the conditions of work; 3) 
to improve precision and tooling complexity; 
4) tb acquire ei^periehce wijh new technologies; 
and 5) tb reduce consumption of energy and 
raw materials.*' 

DEK recommended that the Swedish Gbv- 
coordinate activities promdtin new 
production technologies,^ and, in particular, 
that it promote lonjf-berpi technology devel- 
opment and stdUsd^eyelo^^ at technical 
facilities, it recommended ^arging the voca- 
tional traimng program at^^ Insti- 
tute for Corporate DeVelopment (SIFIJ), and 
establishing a trainfeg program for vocational 
ihstriietbrs on computer-based production 
techhblbgies.'*® ^ 

for Diffusion of ludustrial 
Robots juid Computer Controlled Productioh 
ITecfcnigues.— On_A^ 1, 1983, I^EK an- 
nounced the Jftogram for D of Indus- 
trie Robots and Compute CqntrpUed Rroduc- 
txoh Techniques. In ordear topromqts wider use 
bf PA in smatH and mediun^-sized firms that 
have little or ho familiarity with PA, DEK pro- 
pbsed the fbllbwiiig measures: 

1. An informatibn campaign revolving 
around the 14t;h Annual Iriteniatibhal 
Symposium on Industrial Robots (ISIR), 
which will be held in Stockholm in Octo- 
ber 1984. ; 

2. Support for production technology devel- 
opment projects. 

3. Educational programs for project per- 
sonnel. 

4. Develbpmeht bf a consultancyjirogram. 

5. Regibhal educatiohal programs which 



**Jan Carlsson, Computers and Electrbiiics Cdmmissibri, in 
a presentation at the IBM workshops: Aut^maUon m Manufao' 
tunng: Effects oh Productivity, En^lgyment and WorMte; 
JafaU^a_plant_,_Stpck^^ 1982, p. 24. 

^'Computers and Electronics Commission Report on the Pro- 
motion of CAD/CAM in Sweden, bp. cit, p. 18. 

*nbid. 
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would include demonstration programs, 
including rdhbt-assisted lathes and auto- 
mated materials Handling, rbbdt welding 
and automated materials Handling, and 
flexible automated machine loading. 

To further international recognition of 
Swedish PA industries, ISIR will inclu^yis- 
its to producer and user plant^ by foreign par- 
ticipants. DEKhas also proposed a noicroelec- 
trqnics campaign in Sweden. Finalfy, BEK has 
considered establisKng direct support for the 
Swedish PA industry based on Japanese and 
British models. Because it found problems 
with establishing similar support mechanisms 
in Sweden, DEK did not take a firm position 
oh this issue.*^ 



the Swedish Board for Technical 
Development (STU) 

The Swedish Board for Technical Develop- 
mehtJStUj operates Un the auspices of the 
Swedish Ministry of Industry, and provides 
funding for advanced R&D in uiiiversitjies, re- 
search laboratories, and industry. Between 
1972 and 1979, STU funding for robotics and 



^''Teknlkspndnlngsprojn'ajn For Ind^iSirirobptar och Dator- 
stodd ProdukUonsteknik, IndustriDepartmentet, Data-och 
oiektronikkommitten, DSI 1903:6. 



GAD amounted to approximately 25 million 
Skr ^$3.07 millibri)/^ 

Total STU support for R&D in ehgiheerihg 
industries is expected to increase considerably, 
to 260 miHioh Sfc ($31^5 millibh) for the pe^ 
riod 1980/814984/85.'^' Of this amount, 14 mil- 
lion Skr ($1.72 millibh) will go toward CAD 
and GAM R&D. Long-term projects ^are also 
planned for adaptive cdhtrdl of machine topis 
and industrial robots^ and a 10 millibri Skr 
($1.23 millibh), 4-year C AD joint venture proj- 
ect is planned between Saab-Scania, STU, and 
two universities." Saat&mua >^ 
invest about 3 million Skr ($370,000) toward 
the commercial development of this CAD 80 
system." STU and the Swedish Association 
of Mechanical and Electrical lndustries have 
agreed to sponsor a 5-year CAD and CAM re- 
search program. Thei agreement calls for a 
commitment of 46 million Skr ($5.65 millionj 
and 48 million Skr ($5.89 rnillionj, for STU and 
the association, respectively.*^^ 

"Cgrnputers and Electro^^ the Prd- 

moUon_ cf CAD/CAM in Sweden, op. cit., p. 30. 

»'Carissdh,bp: cit;, p: 25. ^ 
i "Ibid., arid Computers^md Electromcs Report 

on_the_Pron]L^^^ PP-J^^h _ 

"Computers and Electrqnica C^rmniasio n ^pprt on the Pro- 
motion of CAD/CAM in Sweden, op. cit^^pp. SML 

**Cofnputef 3-asid Electroitics Commission Report on the Pro- 
motion of CAD/CAM in Swederi» dp. cit., p. 31, and Caflsson, 
op. cit., p. 25. 
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The French Bbvernrhent has traditionally 
played a large role in the ebbrdlhatibh, fund- 
ing, and directibh bf IheJFrehctLecbhbrriy since 
Jean Baptiste Cblb^rt founded the Academy 
bf Sciences in 1666. French Goverhmerits since 
have changed the scope and nature of that iii- 
vblverheht but the traditional mechariisms 
used by Gbveriimeht have changed very little. 

Since World War H. ihforrhatioii technolo- 
gy, including PA, has been of major interest^ 
to the Prehch Gb verhineht and therefore tb the 
French industrial and educational cbrhmuhi- 



ties. Funding cbmihitrhehts, research, and ih- 
dustrifd prbductioh for informatioh techhdlch 
gies have -been directed towfiurd two major 
gbfUs: 1) world recbgmtioh of Fra^ as a 
leading mahuf actUrer bf high technology prCRl- 
ucts, and 2) the development of information 
techhdldgy-based systems and patterns of 
cdmipuriication which could help preserve and 
develop French culture and society. 

- Recently, France's high technology push 
gained new strehgth.-~The Jast French Presi- 
dential election (1981) markM the first time 
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science and technology was a political issue.** 
Indeed, aH candidates had indicated that in- 
creased funding for R&t) was one of their 
goals. Before losing to Mr. Mitterrand, Mr. 
d'Estaing had desired a plrai for increasing 
real Government R&D funding 8 percent per 
year for 5 years hegihmng in i98C^ Mr. 
Mitterrand was elected, he more than doubled 
that goal. During 1982-85, the Mitterrand 
gbveriuhent had planned to increase R&D ex- 
penditures 17.8 percent_jvith the objective of 
spending 2.5 percent of French gross hationai 
product oh R&D by 1985.*^ 



Mitterrand's ernphasis on increasing R&D 
spending was part of an ambitious industrial 
policy for France which included employment 
ai^d educatjon policies as well as planned mar- 
ke:; programs in several areas of high technol- 
og3% including PA." The programs were all de- 
signed around the Socialist principles of 
decentrf^Iization, democratization, humanism, 
and V : irism. For example^ researchers 
axe /- r/c:,£5gi ti ee have a social ^d economic 
fiinc'tron wiicii capitalism has irtfidbited^ More 
traiisfer of technology between industry and 
Government is seen as one way of enabling 
such functions to be undertaken and the na- 
tidriahzatibh of industries is cbhsiderev4 to be 
the mechanism for achieving social and eco- 
nomic research. 

Several key high-technolo^ industries; in- 
cluding computers, telecornmmiications equip- 
ment, aircraft,^ ^d electronics have been 
hatidhahzed. This is in addition to the previ- 
ously nationalized automaker Renault, oil 
company Elf Aquitaihe, and aircraft manufac- 
turer Aerbspatiila Today, about three-fourths 
of aU industrial R&D spending takes place in 
nationalized companies.*® For _ info rmatidri 
technblo^, iricludirig PA, the figure is con- 
siderably Higher as p'tndst every nlajbr indus- 
trial actor in the area has been reorganized tb 

".^^•^^^^ AiKrain, ;'The French Exf^nen^^ Hjib Technolo- 
^ Center for Strategic a^^ International Studies, George- 
town University, Washington, b.C. p. 2: _ 

"^Interview with M: Morel, Coriseiller Technique dii President 
de la Jiepublique, June 20, 1983. 

. "''^^nch Technology for the 21st Century." Scien- 

tific American. November 1982. 
^Mbid. 



/ 

reflect a majority Gbvernmeht bwnership in- 
terest. / 

Mitterfan:^has tw^o high-technol^ plans 
for PA. (The plans both/had roots in the d'Es- 
taing gcvernmeht, hup were reorganized by 
Mitterrand to reflect ^stronger Government 
role and increased funding.)^ The first, pub- 
lished in April 1982," includes plans for ro- 
bbtics, machine tooli, and numerical control 
devices. It is_ofteh referred to as the Fiiiere 
Robbtique,* The second techholo^ plan for 
PA was publishedby the Ministry of ReseOTch 
and Industry inJuly 1982.«® This is refeired 
tb as the Fiiiere Electrbnique ar d includes aid 
for CAD and CIM. 

Fiiiere Robotique 

_ Three goals have been announced for the 
Fiiiere Robotique: productivity improvements, 
better vsrbiteng conditions j^jl economic gain 
from the sale of PA equipment. Th^ last goal 
is of particular interest to the French. Al- 
though Renault is France's largest manufac- 
turer of PA equipment, representing 50 per- 
cent of France's industrial eomrmtment to PA 
research, France still imports more than 50 
percent of its PA cbhsumptibn.®^ 

The three goals of the Fiiiere Robotique are 
to be implemented through programs of in- 
creased R&D in robotics; automation, me- 
chanics, eleetrohics, hydraulics; ^d software; 
increased production of PA components and 
naaterials; diffusion of automation tech- 
riblbgies; and the use of PA in ^ variety of eco- 
nomic sectors. In 1981^ tot^l French Govern- 
ment assistance tb the Fiiiere Robotique 
aiiidunted to 251 rnilhbhiTarics^|$2g74 — 
of which 91 miUibh fr went 
to R&D and 160 million ($18-7 million) to man- 



Vj^s^tipp de taJiobotJiue Dans la Production et sea Per- 
spectJye3p[Avenir, Conseil Econonrique et Sodai, 2 Avril 1982. 

*A *'filiere" in France is a targeted-industry grbupihg or other 
goal-ardurid which a Gbverhmeht piah for i^vi^^, pjp: 
^'^^^^'^"J^y.^^^l^ ^ucstioi:, and diAS.en^ 
has been deygippcd^ Th are. six i'iiierea in France today; ro- 
bptics^ ejectronics, energy, biotechnology^ Vvorkiiig conditions, 
and cooperation with developing countries. 
^FiHere ETectronique, Plan du Dossier, Minlstre de la Re- 
cherche et de rihdustrie, 28 Juillet 1982. 
•'Ibid. 
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ufacturer assistance. Plans for 1982 included 
increasing the R&D' budget by 29 percent and 
the aid to industry by 104 percent.®^ 

Within the Filiere Robotique there is a sep- 
arate plan for machine tools. Le Plan Maclnne 
Outil is a 3-year venture in which the French 
Government expects to spend 2.3 billion 
francs (p69 million j from 198^ plan's 
main objective is to double production of 
French machine tools within 3 years. Key ele- 
ments of this effort, according to the French 
Government's published plah,^ were the nation- 
alization of e.G.E , Saihfc-Gobaih, and Thom- 
son, and majbrity Government participatibh 
in Matra and Dassault. The French Goyerh- 
meht also expressed interest in reorganizing 
the commercial activities of small robotics ma 
terial manufacturer^,*^ buL hb course of action 
for such was detailed. 

There are three Goyerameht mihistries and 
nine separate agencies involved in the Filiere 
Rqbqtique^The defense mihiatry, through its 
office of Space Researclr and Studies, has a 
project (Projet SQfcARlS) to study the use of 
robots in space. The ministry of industry and 
research has 26 projects rarigiiig from the Use 
of robotics for the handicapped to their Use in 
nuclear reactor ihspectibn. Ihvblyed in these 
projects are the National Scientific Research 
Center (CNRS), the Institute for Computer 
Sciences and Autbmatibn Research (INRIAj, 
the Data Processing Agency (ADI). the Na- 
tibnal Agency to V aldrize (conimercialize[ Re- 
search (ANVAR), and the Atqmic^nergy 
Commission (CEA). The education iniriistry 
has a two-part research_ program which in- 
cludes both the French university systein and 
the Grandes Ecoles. In total, the French esti- 
mate that these projects involve the equiva- 
lent of between 250 and 300 researchers.*^ 

The industrial componeiitjiLthis research 
activity includes cdUective centers 
associations and quasi-Goyernment groups) 
formed around machine tools, textiles, petro- 
leum, and other products. In addi* -«arch 



"Ibid. 



is being carried out in both nationalized cor- 
ppratibiis such as Renault, and in private firms 
like Telemecanique.®'^ 



A related program is being carried out by 
the Agency for the Deyelbpinent of Auto- 
mated Prbductibn (ADEPA) of the Ministry 
of Industry to prbnabte the application of CNC 
machiiie tools, robots, flexible machining cells, 
and flexible inanufacturing systems in small 
Md xnedium-sized firms. Representatives from 
ADEPA identify possible users of PA equip- 
ment and invite the firms to participate in a 
2-year trial use of PA in their production fa- 
cility. Firms that agree are^ven equipment 
to use for 2 yearns and technical assistance 
from ADEPA: At the end of^t^^^ 2-year ^ial 
period, the firm has the option of pasdng^for 
the machine^ jless 2 years' depreciation 
charges) or j-eturiiing it and paying only the 
depreciation^cost. Gf the first 100 companies 
that participated, almost none returned the 
equipment.** 

y 

Fir •/ Electronique 

This program s stated long-term goS was 
to place France qii a technological level in elec- 
tronics equal to that of the United States and 
Japan. The infusion of 140 bilKon francs ($16.4 
biUion) in"R&D funds over the 5 years fbllbw- 
ing 1982 was expected to produce a surplus 
balance of trade in information technology, 
create 80,000 new jobs, assure inastery of 
information technblb^es, and accelerate-tiie- 
pfoductibn of information technology prod- 
ucts by 3 to 9 percent each year. Eight areas 
of achievement were outlined: 

• computer-aided circuit design for very 
large scede integrated circuits, 

• computer-aided design arid manufac- 
turing, 

•_artificieflJritelhgen^ 

• compnter graphics, 

• peripherals. 



"Ibid. 



•^EugeneMerchfimt, pCT 
ment of t^e induatrial Energy' ConaeTyadpn_Pr!^Bm for j^e 
Pv]p and Pap&midGisneraiMmiafycturinglndusMea, Nation- 
al Reseiirch CbunciJ, National Academy Press, 1983, p. 14: 
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• computer-aided translation, 

• camputer-aided instruction, and 

• consumer electronics. 

In January 1983, the Ministry published its 
plan of action. In the area of cbrriputer-aided 
design arid iiicintifactiiring, ari evaluative 
group was assembled to design research, de^ 
velopment, aiid prdductidri plaris. The grpup's 
members included the Direction Geiierale des 
Telecommunications (part of the national tel- 
ephone concern), the Delegation Geiierale aux 
Armements (part of the Ministry of Defense), 
DjEILI (Direction des Industries Electroni- 
ques de rinfqrmatique; part of the Ministry 
of Industry and Research), AD I, CNRS. and 
INRIA. 

This group, along with seyeial others 
formed in the other areas of the Filiere, created 
Le Prdjet Cadre, designed to pursue four areas 
of inquiry: Gcieritific csQculatidri, CAD, man- 
agement of information technology product 
production, and software development for 
68 Tjig implementation plans for this proj- 
ect were not specified. 



Implementaiidii of the FiHeres 
Electronique and Robotique 

The pubKc announcements concerning the 
electronics and robotics sectors programs 
made in the year or so following the implemen- 
tation of the programs (early 1982) became at 
once more ambitious and less specific^ and 
were accompanied by reduced funding. Fund- 
ing in 1982 for the electrbhics soctbr ambuhted 
CO about 6 billidh francs and 1983 expenditures 
were expected to be approximately 8 billion 
francs— far short of the prcDdsed 28 billion 
each year.^^ 



^'Ministre de la Recherche et de I'lndustr Prolamine Mo- 
bilisatenr. 20 Janvier 1983. 

^'"IJbid , p: 6. . _ 

•*See for example, A. F. P. Sciences, No. 341, Jan. 17. 1983, 
pp. 1-4. 



Funding prdblenis for the Mitterrand gov- 
ernment have been pervasive, and the plans 
for a vast effort in PA have suffered signifi- 
cai^Uy as a result. In discussions with jeyeral 
French Government agencies involved m PA 
in the sjimmer of 1983, it was revealed that 
the average agency^utback_for 1983-84 was 
abouji 2G percent from levels projected in 1981; 
this not only virtually eliminates the increases 
desired by the Mitterrand government over 
that spent by d'Estaing,^but for several agen- 
cies requires, operating levels that are^ lower 
than those of the last administration. This re- 
duced spending ^yas hot accompanied by a^cbn- 
sblidatibn^or reductibn in the number of PA 
prbjects. The entirety bf the robotics and elec- 
trdnics sectors plans are intact. The result rriay 
be that PA prdjects are funded at ihcdhse^ 
qUeritial levels. 

Several other problems were encountered by 
the Mitterrand government in its effort to mo- 
bilize the country's PA resources. Substantial 
difficulty was encountered with jiationalica- 
tibh, apparently due tb a large philbsbphical 
divergence between executives ambng the^tar- 
gets bf haoibhalizatibn and the fbrmer Minis- 
ter of Research and Industry. 

Even without the financial constraints on 
F rench PA activities, there would stiH be se- 
rious manpower problems. The number of peo- 
ple with t^vel I quaKfications (approximately 
equal tb an American Ph. D.J in infbrmatibn 
technology is expected to faHshori bf needs 
by 70,000 for the period 1981-90 in France. In 
the French cbht^xt, this number i^_quite large; 
in 1979 it was estimated that 105,000 scien- 
tists and engineers were actively involved in 
all aspects df French science (energy, pharma- 
ceuticals, mechanics, etc., aSsWell as irifdrrna- 
lidn techndldgy).'® ^ 



'"Jean-Pierre Letouzey, Scientific Alission, Embassy , of 
France, StaZemenl for the American Association for the Ad- 
' ncernent of Sciences. Mar. 24, 1983. 
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United 

Direct Government Role 

. The British Government* as a rule, does not 
actively intefvene in the national economy as 
much as the Japanese or Fr erlch Govern- 
ments, '^he Government provides funds for 
R&D in ris! y areas and in areas with commer- 
cial potential. The Department of Trade and 
Industry (DTIj hasj-ecently developed a set 
of schemes including support for R&D^ feasi- 
bility studies, capit^ equipment investments, 
and demonstration programs '-^ order to en- 
courage the implementatio i PA in the 
United Kingdom. 

Since World War II, the British Gdverh- 
meht has been spehdirig sizable ambtmts in 
support of science arid technology; however, 
the numerous British economic arid techribld- 
gy policies have lacked a clear objective arid 
have suffered from poor pubUc-privat e sector 
cooperation. Overall, the British machine tool 
and robot industries are small, but the CAD 
and CAM software industry is strong. Finan- 
cial support for *^high-technqlogy" industries 
has not been as great as support for the auto, 
shipbuilding, and steel industries^Since the 
latter half of the 1 970 's, DTI programs have 
focused more oh commercial exploitation of 
new inventions than on R&D, per se, although 
mechanisms and funding liave been x^rovided 
to support research where private companies 
have been reluctant to invest. These programs 
have not always resulted in commercially suc- 
cessful products, the most notable exarnple be^ 
irig the Cdricbrde.^^ 

In the late 1976 *s the Jr^oour government 
investigated PA. The two . • ^st noteworthy ef- 
forts yielded the ACARD report (named aftei" 
the Advisory Council for Applied Hesearch 
a^id Develop me lit, which is responsible for ad- 
vising Gbverhmeht ministers) arid the Inger- 
sbll report. The ACARD report documents a 



"MalmKren, op. cit.. quoting Gilpin; p. 51; and David A. 
Brown: " Funding Dispute Snags BnUsh PJ-ogram.'' .4 wik;b/7 
Woeli and Space Technology. Apr. 18. 1983, p, 65. 
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working group 's effort * * to consider the effec- 
tiveness of technology transfer and the ade- 
quacy of current-research and development on 
joining and assembly in relation to the needs 
of U.K. industry, and to make recommenda- 
tions."" it noted tliat the United Kingdom 
had many fewer robots in place rhan other in- 
dustrialized countries, and it recommended ac- 
celerated application of PA. 

DTI's predecessor, the Department of In- 
dustry, commissioned a report on industrial 
robots from Ingersoll Engineers in 1979. The 
report ''outlined the scope for, and importance 
of, robotics, identified problems facing the 
take up of robots, andjput forward a national 
robot progrmiune, which foreshadowed the ac- 
tual progrmnmes fqUowed b^^ Departmejit 
of industry and the Science and Engineering 
Research Council. " initially, under the 
Thatcher government, it appeared as though 
the initiative in PA would be left up to private 
industry. Hoivever, M the *^Au:toman 1981'* 
Conference, Prime Minister Thatcher, in a 
speech endorsing robotics, indicated the Gov- 
ernment's willingness to take action to pro- 
mote the use of PA in British industry.'^ 

_ J^T} oversees elaborate network of 
agencies encouraging Il&D and the^ transfer 
;of technology throughout the economy. These 
include the Research and Development Re- 
quirements Boards, industrial Reseetrcfa Es- 
tablishments, industrial Research Associr^ 
tiona, and the British Teehnblbg}/- Group 
(BTG). 

BTG was forn:<=^d in 1981 as an independent 
public corporation set up to proniote the de- 
v^elqpment and application qf^new technology. 
It includes the former National^ Research De- 
velopment Gcancil (NRDGj and the^National 
Enterprise Board (NEB): BTG attempts to en- 
sure the; commercial utiHr.ation of the results 

-- (. 

_ "_T.be report. entiUedyof^^^ The impact of 

Robots and AutomaUon, was released in October 1979. James 
Fleck, Uniy:eisity of Aston, U:K:; personal cdmmunicatidn: 
"James Fieri., perisbhaJ cdriirhumcatidh. 
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of Gbvernmeht-sponsored research and pro- 
vides capital to private business in order to 
ehcburage innovations. While BTGJs under 
the auspices of the Secretar> of State for 
Trade and Industry, Its day-to-day activities 
are free of Goverhrrient intervention. BTG re- 
ceives its operating, income from royalties, 
licehsihg, and other forms of reimliursement. 
It also receives financing from DTI which it 
repays with interest. 

In early 1983^ in part as a response to Jap- 
anese and American efforts to develop **fifth 
generation'/ computers, the British set up a 
national advanced technology research pro- 
gram. A committee chartered by the Minister 
for Information Technology Bhd headed by 
^Johh Alvey recommended a Gbvernriient/ih- 
dustry/uhiyersity cooperative program aimed 
at four main areas: very large scale integrated 
electronic cbrnpbhehts, sbftware ehgiheerihg, 
man/machiTie irit^rf? "^s, and iritelligeht knbwl- 
edge-based systern- 

The Govermner \ pay half of the cost of 
this collaborative :.ec effort ir^ industry, 
and IflO percent oi research costs in universi- 
ties. The **Alve3' Report" estihu u;fi that aca- 
demic institutions should carry cut A' SO mil- 
libn ($70.5 millibnj. bf research over 5 years, 
and industry 2' 300 mijiion ($423 millibnj, re- 
sultirg ir? a Gbverhiner^^ cxHenditure of ap- 
proximately T 200 miUibn ,$282 inillibn).''^ 

Gbvernment Support to Industry 
Research and D; velopment 

Support for Irdustry R&D. —A series of pro- 
grams was set in the late 1970's in ordbx* 
to promote tr.-:; diffusion of technology 
throughout ♦;^he ecqnoi v; these includerl the 
Microelectronics Applicador Program (MAP), 
the Manufacti ::.ing A^'yisory Service (MASj, 
and a Robotics Advisory Service (RAS[. M A^ 
was established in Gctober 1977 in order to 
increase the eonipetitivenoss of manufactur- 
ing firms by offering subsidized consulting 

A^'h^. P^partrnent of Trade and Jndust^ Programme for 
Advanced I nformatior Technolo^'," The rtepoit of the Aivey 
Committee (London; Her Majesty's Stationery Office, 1982). 



services. Its budget in 1982 was Ji' 9.25 million 
($13 miliionj, with 80 percent going to small 
and medlum-sjzed eriterprises^^* The RAS is 
operated by the Production Engineering Re- 
search A5v5ociation (PERA), as is^AS. RAS 
offers an information service, a demonstration 
center, and subsidizatior of ^'easibriity studies 
to assi.si srhall businepfie.'i in applying robots 
to production procfeoSJe*:^-. DTI highlighted 
these progrjuns as part of a campaign declar- 
ing 1983 **Quality Assurance Year." The in- 
tention is to make industry more aware of the 
Gbvernrneht firiarii. m*;! support available to im- 
plement robots, i^eviole rnachiriirig systems, 
CAD, and rrdcroeloctrbnics. The year 1982 was 
declared **Iriforraatidrr T^hndlbgy Year,'' and 
relevant demdnstratidh prdgrams, public sem- 
inars, and cdhfefences were hdd.''® 

_The Science and Engineering Research 
CouncxI.—Tiv^ Science and Engineering re- 
search council (SERG) is om^ of five research 
cbimciln funded by the Department of Educa- 
^ibn and Science. The function of the councils 
is tb prbmbte and spbnsr»r basic xesearch^ih 
Universities and in Gbvernment. SERC's /'Ro- 
botics Irutiative'^was aiiribunced in.Juiy 1980. 
It cdled for SERC td prdvide 2.5 rnillion 
($3.53 millidn) fdi the study df future genera- 
tions of robots. The pr ogram has already re^ 
suited in the development at Oxford Univer- 
sity cf a laser scanning device for arc- welding 
applications. 

Department of Trade and Industry 
Special Programs 

' ^he Robot Supporc Pra^. ajn.— DTI ihiti- 
ateti che Rdbdt SUpporc Prdg'-sm in April 1981 
in respdnse td the recdmrtienda^idris df the 
ACARD and Ingef soli fepdfts. The pr dgrani 
was originally funded at 10 millidn (^;i4.11 
rruUiori) in three areao: 1/ Support for feasibili- 
ty studies in order to allow a company to deter- 
mine if robots would be cost-effective. A com- 
pany may choose a consultant from DTI's list 
of approved consultarits for tlie feasibility 
study. The uopEcrtment will then pay 50 per- 

'K)ECD. Innovation in Small and Medium KnUirpnse% Paris; 
19.70; . 

^•Jarries Fleck, personal cbriimii hi cation. 
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cent of the cost of the study for up to 15 per- 
son-days. 2j Support for robot purchase arid 
installation: The Government will support up 
to one-third of the cost of the robot arid asso- 
ciated capdtal equipment, Developmerit costs 
such as the labor cost for development en- 
gineers, etc., arid the cost of riew toolirig cLre 
covered by grants of up to drie-third. The De- 
partment will also provide support for lease^ fi- 
nanced robots. 3) Support for compaiiies seek 
irig to develop or riiariufacture robots. Grants 
are available for Up to one-third of the r^jsts 
of **projects involvirig the design and devel- 
dpriierit by U.K. nianufacturers of new indus- 
trial robots arid asscK:iated equipment up to 
the point of commercial production. 

Despite these ambitious product arid proc- 
ess development schemes, rilariy companies 
applying for such funds have been turned 
down by banlcs with strict lending criteria, 
even though the Qdverririierit guarantses 80 
percent of the loans. Barik restraint has been 
attributed to the perception' that many appU- 
carits show irisufficierit cummitment to their 
projects. It is thought that as many as one in 
fiv^ of the participante may fail.'Mn addition, 
under the cdrisuitancy portion of the program, 
riiariy firms decide not to implement PA be- 
cause the new technqlogies^do not appear to 
be the most cost effective manner of improv- 
ing their productioii pr ocesses. Furthermore, 
the approved list of consultants provide by 
pTI includes a disclaimer as to the compe^ 
tence of thve consultants 

By Aonl 1983v thefoUo^^/^Bg fuads h^ 
cdrririiitted Under the Robot Support Program: 

• 92 company instaliatidris . . 2 6.5 millidri 
($9.17 million^ 

• 25 robot niaiiuxacturers . . JL' 2.7 million - 
(S3.81 millioni 

• 69 consultaricies . 2' 129,000 ($182,000) 

DTI has/been disappointed by the low level 
of interest from industry as measured by ap- 



plications 



for funding. While the initial alloca- 



tion of funds to the program iiisvy ultimately 
be spent, the future of the program is imcer- 
tairi. However, robots wiH continue to be sUp- 
ported under a Flexible Manufacturing Sys- 
tem Program (see below).'^ 

Other Programs.— Siniilar programs ha^ 
been set up under an umbrella ** support for 
iiiridvatidri" pdlicy. These programs have been 
devised td promote CAD; computer-aided de- 
sign, mariufac^ture, and test of electronics de- 
vices (CADMAT); software development; fi- 
ber optics and opto-electronics; and flexible 
manufacturing:^'' 

• Ci4I?.— Gbyerrimerit prograrri? include 
demonstratidris at firrils, support for fea- 
sibility studies, management seminars, 
regidrial deriidristration centers to p^niit 
*'harids-dri study,'' in-depth courses^o aid 
de::.igri engineers and prqduc'cion mana- 
f.ers in implementing the technology, 
Grants of up to 25 psrcent for R&D in- 
volving new appHcations of GAD, and 
grants 01 up to 25 percent cf cost !*fbr the 
design^ development or lau^ -h of new or 
significantly impro : ed products or proc- 
esses." 

• CABMi^T.— Government programs in- 
clude management seminars, short cdurses 
for managers and^erigirieers, deriidristra- 
tions, a G ADM AT iriformatidri service on 
the state of the art of the techiidlc ^y 

its applications, grarits df Up t^j 25 per- 
cent for the develdpriierit di CADM AT 
tools arid staridards^ grarits of up to.one- 
tWrd of hardware/software costs, and sup; 
port for iristallatidri arid training ^ost. of 
first-time users. __ 

• FlexibteMmufactun^^^ Systyjms ii ^MS). 
^The FMS scheme was initjated in .::me 
1982 with a budget of 6d_miilioix ($<:I4.6 
riiillibri). This scheme will provide selec- 
tive financial assistance to cover some of 
the costs of feasibiUty studies, installa- 
tion of a new FMS, and integrating exist- 
ing plant into a flexible manufacturing 
system. 



_ _"rep_di cment of Indu?iry. U.K. brochure. "Government Sup- 
port for Industrial Robots." _ _ _ , - : 

. ■'Tim DicKsbn. "Caution Among the J ir.l<crf» " The Finan- 
rSal Times of tonLon, Sept. 18. 1983, p. 14. 



'•James Fleck, pergonal cbmmuhic" >ion; 
"^Department of Trade and Ihdu cry Brbc^i ire, dp; cit: 
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The ' * support for ihhb vatioh ' ' policy also is 
behind anticipated ^bverrimerit funding for 
technical collaboration between Jaguar Cars, 
Ltd., British-bwhed Dainichi Sykes Rpbbtics 
ijtd. (a joint venture between the British 
Sykes group arid the Japanese Dainichi Kikd 
Cdnipany), and Dainichi Kikd. These compa- 
nies recently agreed to devaldp new automated 
productidn systems for Jaguar automotive 
facilitieis."' 

In addition, the National Engineering Lab- 
oratory and certain trade asr'xriatiohs have re- 

' •''•KV^'J" ^ ^^»'y lAiad to Wobots." Automotive News. 

.Ian. \K ii'H l. 



ceived approximately 650^000 ($917,000) 
from DTI annually for robot-related studies: . 
These grants have included 15,000 ($21,000) 
to support the estabKshment of the British 
Robot Association, and .4' 246,000 ($339,0aej 
for the estabhslune^^t of Unimatioh (Europe) 
Ltd. in 1979. The Naliohal RjesearcK Develop- 
ment Corporation provided _ jL' 420,000 
($592,000) in venture capital financing for 
Unimatioh (Europe) Ltd. More aid has been 
prdpdsed, but is under question due to the 
takedver df Unimatidri by Westirighbuse.'^^ 



"James Fleck, personal cbrhmuhicatibri. 



Otfier C 

This sectidh examines PA in Norway, Can- 
ada. Italj', and the Netherlands. Gdvernrriehts 
in each of these Cduntries play a lesr promi- ^■ 
nent role in PA than the^gdvernmcnts dis- 
cussed auove, and less information is availabK- 
on their pro-ams. 

Norway 

Diroi t GovernmeRt Rdle 

The extent of use of new technologies, as 
well as the geiicrai health of Norway's export 
sector and the relative price of Norwegian 
products, are and ' ave been key problems for 
the natidn's economy. They have been the 
subject df a majdr study and planning efforts. 
Ndrwogian wdrk envirdnnient prdgrams are 
discussed ir chapter'^S. 

The Lied Committee 

In Marc^ 1 978, the Lied Comi- Itee was ap- 
pointed to study the ::;tructurci] i Tooiems fac- 

^'^^'.^V^'AJkTK'^. '"^.-^ S«M:reLaiv, Kmbassy uf Norway, per- 
^nn.tl (.'omniunicaLion. Vv)). 2-\, ][)H'l. 



ihg the Norwegpian ecojiomy and to identify 
areas of possible g^bv/th in Norwegian indus- 
try. While recommending a long-term strate- 
gy for JSIorwegian industrial development, the 
cprrimittee stressed that the role of the 
Government should be limited to providing 
sound rnacroecphomic coriditiphs. The cbrhinil- 
tee emphasised that it is hot the Gbvernmerit's 
role tb deterr»iirie which firms or which types 
df industries should be given priority. Instead, 
it suggested that the decentralized market 
sysfcm, whereir indiviclual firms make deci- 
sions based on what they predict will be prdf- 
i table, shduld cdntinue to prevail in Norway. 

The committ'ie suggested that the develdp- 
ment of a long- term strategy shduid take into 
account the foUov^Oiig conditions of Norwegian 
national resou»-^es: 

• a considerable quantity df cheap e!^ctric 
power. 

• full V overage' of future needs for dil anci 
natural gas. 

• production of a considerable amount of oU 
and natural gas for export, and 



360 ' ' ;bmptif0n>eo Uammciirnng Automation: Employment, Education, and the Workplace 



• reasonable access to capital due to oil and 
natural gas export revenues.^^ 

The comrnittee also recornrnended that Nor- 
way condenirate on improving its export sec- 
tor, mainly by Ibwerihg the cost of Norwegian 
good^jrelative to those of surrounding. cqun- 
tries. This could be achieved through produc- 
tivity increases, structural rationalization,- 
minimization of wage increases, and tax ad- 
justment. 

The committee deerned the ability to apply 
new technological devddpmeuts crucial to in- 
dustrial expansion. It argued that the Govern- 
ment could create the proper conditions for 
techholdgical diffusion through an expansion 
of the educational system to provide niore 
engineers and qualified skilled workers. Final- 
ly, the committee recorrunended that the Gov- 
ernment encourage the estabHshment of new 
industries based on ne'^A/^technologies. Though 
the Norw<?rjian Government has generally ac- 
cepted the recommendations of the Lied Com- 
mittee, there has been no particular action 
based on the report. 

The Norwegian Ministry of Local 
Gbverhmebt and Labor 

A working group of the Norwegian Ministry 
of Local Governnient and Labor reported to 
the Mimstry in 1980 oh the potential effect.-; 
of stefidily increasing factory automatior on 
emplo^ raent arid work-rig cdnditions in the 
1980's": The working group predicted that au- 
tomated materials haridlirig systems will aUqw 
the Norvvegiari wddd-prc^^ industry to re- 
'.'uce its labor force by 50 peicent by 1^85. It 
also predicted that the number of computer- 
ized riUrnerically controUed (CNGj mf^chine 
tbbis will increa:,2 in the machining inc is'ry, 
as will the application of robots for welding 
arid spray-painting." 

The working group pointed out that while 
there is a wide rarige of possible applications 
< ^ infbrmatibri ^^chriolog^ in indnstry, these 

'\,;v 3 Offciitflge Utredhihger, Kmp' ^ m^/ic ai^d WorkJng 
CondhiL-^-in the WSO's, ^'^V )98D:33. 



techridlogies are at different phases in their de- 
yelopriierit arid are being dissemmated at (Kf- 
fererit rates to different user groups. This 
rriakes it difficult to characterize the conse- 
querices for employment^ In predicting the ef- 
fects that factory automation wiH have oh th^ 
Norwegian economy as a whole, the working 
group argued that continuous process and 
electronics Industriesiiave a greater potential 
for productivity g^ins than does the metal- 
working industQ^^ Although firms may iriiple^ 
ment the new technologies, given the small 
and medium size of Norwegian firms it was 
predicted that the be^:(-^sits will be limited. 

Canada 

Federtu Support for Technology-Enhanced 
Productivity Program 

GANSiO millibn ($8 riiilliorij over 5 years has 
been conuiiiti^ to 10 riiicrbelectroriics centers 
through. iae Pi ;leral STEP (Support for tech- 
nology-RiiHniicaci Productivity) program. The 
STEP prvfrrai:.; is interided to help producers 
bf .micrbelectrbriics arid advanced product-* 
eqUiprnerit to develop products that will be 
competitive In iritemational maitets. It is ^so 
interided to help users iniplement the teclmol- 
bgy efficiently and develop nciv and irnproved 
products for the Canadian economy. 

STEP incentives for producers iriclude reim- 
bursement of: 

• Up to 75 percent cf eli^blc expenditures 
on R&^, 

• up to 50 pet cent ^f^eHgible costs of ma- 
chinery and eq[uipment, and 

• up to 15 perrant of eligible costs bf 
buildings: ; 

STEP ineen'tlves* ^or users iriclude reirn- 

bnrsement for: 

• feasibility studies - ap to 100 percent of 
total costs, with a maximum bf CAN 
$J0,d00 ($8,000); 

• irp'' ' ^^mr ntation of a hew rnicrbelectrbriic 
produc ; or process— up to CANS 100,000 
($80,009) or 75 percent of total cbsts; arid 
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• design of custorrL microelectronic eqtiip- 
ment— up to EAN$5O0,ODO ($400,000) or 
75 percent of total costs/® 

Manpower Consultative Service — 
Education and Retraining 

The Department of Employment and Imrni- 
gration established the Ma5po;^er C^nsulta 
tive Sersdce, a key mechanism for^dLog work- 
ers displaced for economic, technological, or 
other reasdns: The Service provides ^sistance 
to employers who work with their employees 
' to reduce manpower levels or develop work 
force skills. In particular, it operates on an as- 
needLod basis, becoming involved when mass 
layoffs are ejxpectedib occur, and supplement- 
ihg local labor market institutions for brief 
(e.g., 6- to 12-month) periods. 

The Manpower Consultative Service was 
founded in 1963 to encourage labor and man- 
agement to work J:oget her on problems of 
worker displacement . The Service^ 5 pro- 
gram whereby rpanagement and lab^r consult 
as equal partners anittees on matters of 

n^ntuai concei. c ^ as turnover, employ- 
ment ii ^ity, working conditions, absen- 
teeism, I fidmng requirement^ and rrianage- 
inent studies. It prbvidjF^s uy lo 50 percent of 
t!ie cost of ti'ie labor adjustment comrriittee, 
and up to 50 ptrcei^t of worker relocation costs 
if a committee trariSi'^ers vv brkers in order to 
keep them employed. Where hew teciinblogy 
is the cause of displacement, tiie cbrhmiLLees 
look at the impact bri skill needs and try to 
develop means counseling, retraining, arid 
placement lor those who. are displaced. Both 
industrial training for work on new machin- 
ery or new job content and institutional train- 
ing :.n trade schools are provided. In addition, 
subiddies are provided for older workers to 
train ior new jobs. Comp'-inies Jo not alwaj'^s 
participate in ^he MCS program, as they are 
required to continue to ^ av the worjcers' fr\r^<^ 
benefits during the transition period:"^ 

•'' ■The News Fmia E'^^D; ^ ^nrano.'l February 1983; and 
•'BUi^HihKOritaribJn the I9S() . BILD. January 1981. 

" Hiirry Monk, \f]inplbyrnenL and Immigratioii Departmerit 
of Canada, persqny commupication^t^^ J 983; an? M. Ben- 
dick. Jr., "The jlolo of Puhlic Proj^am a ^ Pnvate Markets 
in R^mploying Wrrkers located by Fcon'^r^ic Change.'.' The 
UH/ah Institute. >Idvember 1982. 



The On^tario Board of Industrial 
Leadership and Development 

The gdverhmejit of the Prbvince of Ontario 
established the Board of Industrial Leadership 
and Develdprnerit (BILD) in Jahuar3^ 1981, 
comprised of cabinet ministers respoiisib!^ for 
economic and regional development. It devel- 
ops long-term Investment strategies for the 
Ontario Government and funds pfograms 
through grants, loans, and other forms of as- 
sistance. The BILD program is budgeted at 
CAN$ 1 .5 billion ($ 1 .2 billion} over a 5-year 
period.^ Overall obj ect i ves of the B IT .D pro- 
gram are tq^ ?^AY^J^P an import replacement 
J^?P9^^_P^?^^J^_ ^^1 Pjder tojmpro ve On- 
tario trade^ balance, technological develop- 
ment, training, and job creation. 

The Board of Industrial Leadc^rship arid De- 
velopment has recdgriized that new specialized 
skills vnil be required with the implemeritatidri 
of computer-assisted maaufacturiiig. Under 
the Training in Business and Industry pro- 
gram, BILD subsidizes up to one-third of the 
cost of retraining workers, with the remainder 
paid by the worker and the employee BILD 
also provides equipment grants to edi cational 
facilities, research grants, and career counsel- 
ing services. 

Under itr high-techndldgy deye' ^pmerit^p^ 
gjaril, BILD has allocated CA>^^ 100 miliidri 
($80 rriiUidri) td five iridustry-Oiienced techndl- 
ogy centers td provide expertise t o companies 
apj. lying ne^?/ tjHrhnologies. The Hve centers 
are described bi^lov/:^'' 

• The Ghiario Cbritre for Advanced Mahufac- 
furinj".— This center has tM'o racilities; one 
for CAD and CAM in Cariibridge, arid one 
for rdbdtics in Petorbdrdugh. Furidirig wiU. 
be CAIU40 riiilLidri ($32 millidri) ^^r^r 5 
years, beglririirig in 1933. These facilities 
will provide consultation services for the im- 
pfl ^rrentation of CAD and CAM and robot- 
i nd will heif ' individual firms tailor the 

ology to their needs. 

• Jn taiio Cen tre for Microelecirordcs: — 
This center, IcoFt^^d iiHTJttawa^ w^^ ; - 
eAN$2(> million l^U6 mlllionj over 5 ye'irs. ^ 
'i he center was opened on October 28, i982. 

"^Brochure. "The News from BILD. Ontario." February :983. 
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• The Ontano Centre for Automotive 
Technology. --T fas center was estabiished 
in order to encourage restrucLurihg: olf the 
auto industry. GAN$14.5 n^on ($11.6 mil- 
Hoh) will be provided over 5 years for devel- 
opnient of new product designs, market 
research, __ahd rriahagemeht ihformatidh 
service i-v. j'he center was opened oh Decem- 
ber 14, 1982. 

• The Ontario Centre for Resource Machin- 
erv.^This center will fe<:eive CAN$20 iriil- 
lioii ($16 millidh) to undertake R&D for the 
rhiriihg and forestry-equipment industries. 
The center was opened on December 15, 
1982. 

• The Ontario Centre for Varxn Equipment 
and Food Processing.'-Thi^ cente^^ will re- 
ceive CAN*?40 miUion ($8 miUionj over 5 
years to undertake R&D. The center was 
opened on January 31. 1983. 

Italy 

Italy appears to have ho specific policy to 
p>rctect targeted ihdustnes or promote the 
mbveh:eht of resources out of particular indus- 
tries. Howevfjr, the Italian Government owns 
a large shai€; of certain industries^(nuclear 
power, electirical components, telecommunica- 
tions equipmrjit^ chemicals, steely and ship- 
buitding) aiici ftnaiidal institutions. The State 
J intervened in the economy with aid to in- 
3try in the postwar period, without ah bver- 
1 **industriai poKcy.** 

Most hotable ih Italy has been the govern- 
meht pfomotioh of private investment in_the 
uhderdeveloped southern regons. Investment 
grants, low interest loans, and tax breaks have 
been provided to private firms to encourage 
investment m the South, txid State-owned 
. firms have been required to invest in the 
South. Such investment has been encouraged 
In orde^to develop thi*' -^^on and provide 
employment to avoid tiie migration of South- 
ern ItaKar s to Northern Italy.^® 



"•I.awrence Franfed, European Industrial FoUcylFasl, pres- 
iint. and Fuy^tre, ihe Conference Board in Europe. February 
p. 34. 



_The U.S. Robotic ihdustries AsscH;:iatioh 
(RI A) estimates Italy is the fifth largest robot 
producer but may become the third, after Ja- 
pan and the United States, by 1990.*° Robot 
use in Italy is particularly heavy in automobile 
manufacturing. Fiat, for example, is both a 
major user and developer of robotic systems: 
Olivetti, an office equipment manufacturer, is 
also heavily involved with PA. 

The National Machine Tool Bxiilders' Assch 
ciation estimates that Italy ranks fifth ih ma- 
chine tool prbductioii and third in machine tool 
exports, as of ig82.'VThere are close research 
ties among machine tool prbducer firms, and 
between producers and the Government. Re- 
search projects bh mahufacturing are spon 
sored by a financial ag^^ncy (IMI) which chan- 
hels low interest loaiis and Goyernment- 
fuhded frratit8 to pmall and medium-sized 
firms ''an National Councij^f 

Reser .J begun a ^i^^nufacturing 

re-sezu ^.ot^x; which involves SQ-^^errl 

ItrUiar sities and industnes. 

The Netherlands 

While the Netherlands is neither a major 
user nor producer of PA technologies, the 
Dutch are increasingly concerned with * -catch- 
ing up" in the development and application of 
PA. Industrial productivity is a scurce of 
great concern to the D'ltch because 64 |:Hercent 
of industrial output is exported. There is con- 
cern, however, that autnrriat\oii could lead to 
a loss t>f industrial jobs. A study by the Neth- 
erlands Center for Technojogy Trends con- 
cluded that the gains jn productivity that 
could be achieved by increased automation 
would outweigh the labor displacement be- 
cause low productivity has made it difficult 
for Dutch: products to compete with those of 
low-wage developihfj countries.®^ 

The Dptch have several programs promot; 
ing or rfejjulatin^ ^he production and use of 
PA: / 



*^RIA,_Worldwi_de Robotics Su-.-yey and Directory^ 1983. 

•'National Machine Tool Builders' • Vsspciatipi^._J95^-i55-' 
Economic fiandbook of the Machine Tool Industry, . . 

•'I. H. I'imriiermiia.v^Uuo/Dfltrsenn^ De Fabnek: Vertrek- 
punt^n Vocr BeJeid, Delft University P'.ess, 1983. 
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The Miiiistfy of Education asiri Science 
Policy and the Ministry of Economic Af- 
fairs launched an R&D progT.jra in Octo- 
ber 1982 aimed at improving technologi- 
caj. expertise and research poteiit\al at the 
technologicai universities. 
The Ministrj^of Economic Affairs is pre- 
paring a program foT^stimulating the PA 
industjy^ This pro jram wiH include an 
awareness promotion campai^, jprcvide- 
subsidies and low interest loans to indus- 



try ^.o promote investment in PA, and 
sponsor demonstration pirojeet^. 

• The Ministry of Social Affairs wiB rdbhi- 
tor employment and working environ- 
ment impacts. _ 

» The Ministry of Education and Science 
Policy, the Mihistiy af Economic Affairs, 
and the Netherlands Organizatibri for ApF 
pUed Scientific Research will adixiimster 
education, training, and retraining 
prugr£ims. 
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GHapter 10 

Pdliey Iss ues afifl Op tions 



Inlroduetien 



_ The central polity questidri that emerges 
fr^^ O'l'^X^oraput^^ auto- 
mation assassment is, * 'Should there be a na- 
tiondl strategy for the development and use of 
progranimable^ automation (PA)?'' Although 
sucfi a sb-ategy coald take niany forms, the 
fact that the opp^rttumtws and problems 
posed by prograrmnable automation are inter- 
cohheclecl makes it appro} .riate to insider a 
policy strategy comBimng actions in several 
areas. PA may w@H become an important fac- 
tor in hatiohal productivity growth and im- 
provement in ecohomie perfbrmahee, but the 
spread of this techhdldg^^ can aggravate ex- 
isting social and econorme problems as well as 
create hew ones for ihdivadual regions and for 
the Nation as a whole. Wtiilti the pbtehtial for 
PA to benefit industry and the economy cbuh- 
teracts arguments for slowing its spread, the 
risks iiihereht in rapid diiAisibn raise ques- 
tions abdut whether, and how, the spread of 
PA should be accelerated. Amdrig the prin- 
cipal motivations for policy are;: 

• The immaturity of PA teclmology and 
limit4&d experience ^yitt its appHcafion. 
Although curr^t techribJogy is appKcable 
in rnariy sitiiatibns, fu.chor develbprnejQt 
and applications fixperieu:?. are heeded 
before itc potential for irhp/ oving produc- 
tivity, work ehvirbhihent, and prcduirl 
quality can b?^ fully realized. 

• The competitive envirouineht in which 
PA development and use are tak^^ng plil'^e. 
Governments in countries that are or mwr 
become U.S. trading^ are encour- 
aging the development and use of PA 
abroad, while markets for many ^pcsis 
end services, including PA equipra^ i 
system'3, aro becoming^creasmgly intsr- 
natibt<al. Both situations militate ag-ainst 
cbmplaeency 



• The risk of growth in onen^pioyment^ 

the ab^^ihce of growth in production ley- 
els, PA ruiay be associated witfi unemploy- 
ment, esp)ecially in the East North Gen- 
tral, Middle Atlantic, and other areas 
where PA use is expectai to be Jieavy, and 
where local ecdndniies are vulherable to 
import competitidh and dther ecdhdthic 
factors. 

• The risk of adverse effects oh t*ie psycho- 
Jpgical aspects of the work ehvirbhment. 
These effects, arising from the cdmbihed 
influences of new technology and jdb de- 
sign, rnay not only diminish productivity 
gains frorn PA, but may constitute hew 
health problems^ CoUectiye bargaini'hg 
wiH allow c^y a fractjcnof the labor force 
to resolve these problems on their o^vn. 
Because PA anc^structural changes in the 
ecbhonay wiH Kmit the number and raage 
bi mahufactafing jVibs available, many 
workers will b€cr«me less abfc to raove out 
of disagr^ablo sitiiatic as- 

• The raimfic^xtibhs fbv education, traimng, 
and retraming at all lev'jls. 7. be appf opri- 
atehess df the ml;: of skills within t tie la- 
bor force gdverhs - v th the rate at \rhrch 
PA can be develd|i;^ and Ui^^, and the 
exLent cf adjiisthieht < through retraining 
or relocation? that may be t\^a^i>ajy givs^i 
chaiiJgiii^ sldll rtHjuireroerits. TVxe chai 
fengea pos^^ by PA sad oti^e? m w tech- 
noIrgie3 co.ne at a time when tht^ capaci- 
ties and resour'TBS of the iristructidhal 
system are partxculariy strsined 

As the above list indicates, ther€i arci factors 
that motivate policy prdmdtih j PA (tecnhb- 
icg'cal imjriaturit^ arid ihte:hatidh:U cbm- 
petition) and fact jrs that miMtate against 
i^jccdei^ting PA ac^tion o: that support cdrh- 
pleraentary nolicy in other areas (the risks df 
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wbrsehihg uherriplby merit arid work erivirbri- 
merits arid the need to assure appropriate 
iristructional capacities), Furthermdre» con- 
cerris raised by PA are also aspects of larger 
policy prbblems. Cbrripetitiveriess and Uriem- 
plbymerit. for example, reflect many circum- 
stances, riot just use of new technology. As- 
suii^rig these cbricerris. in particular, requires 
a healthy ecbribmy-~-sdmething that PA can 
irifluerice but not guarantee. 

The reriiaining portions bf this chapter will 
identify key groups of peojple with an interest 
in t ho use and impaits bf PA arid defirie ex- 
isting and potential Federal roles. The chapter 
next adresses overall strategy for policy re- 
garding. PA. Thori» currerit prdgrarns in the 
areas bf techriblbg>' deyelbpmerit and use 
work envirorimerit» erriployrrierit, arid educa- 
tibn arid tradriirig are butliried» arid dptioris f'*^ 
riew policy are preserited. The final four sec- 
tibris illustrate the types df policy that have 
eri-iergei. >brri rribre dr less independent policy - 
making/ --^leach area, and they relate to exist- 
'r-g ]'v:v.Hitidri thdse dptioris that could be 
rori^binud iritd integrated strategies. 

Stakefiolders 

Not surpristngiy , the broad set of issues sur- 
rounrjing the sprea ' of PA has arbused rbri- 
ct un j mong a diverse group of stakeholders. 
Solving the problems ai:o»>cidted with PA arid 
realizirg its pbtential benefits td the Natidri 
will irivblve balaricing the interests bf the vari- 
ous players. Six priricipal groups are cdri- 
cerned about the shape of policy relatirig td 
prbgramriiable autbmaudri. 

First, there are the deveiopers and producers 
of PA, including the research corri: ;nity iri 
both t^ie pubHc and p>rivate sectbrs arid the 
manufacturers and vendors bf PA eqv "prrierit 
and syi3tems. Engineers, cbmputer scientists, 
and bthers iri inHuetry, acaderiiia, rese^ch in- 
stitutions, and gbverprrierii are iriv6>ve^ iri de- 
veloping, refinirig, and applying , A. As a 
group, they are cbricerried priricipaUy w the 
technical nerfbrrriarice attributes df PA tech- 
ribldgies; they terid td treat effects dn the use 
bf labor or the work erivirdnment as conse- 



quences rather than initial considerations: PA 
developer s and producers are interested in the 
adequacy df funding ajid facjUties for th^^ 
work. They are also interested in_the sources 
of funding and goals of R&D. PA nianufactur- 
ers and vendors seek business climates that 
support the sale and effective use of PA: 

Secbrid, there are the purchasers arid users 
.si PA. Managers df rriariUfacturing firmd 
Make decisidris.abdUt research activity and the 
nature arid type df equipment Used in produc- 
tibri. Cpricerri with their ability to compete 
with other cdmpariies, especially fdreign firms, 
translates into cdncerns for production effv 
ciericy, costs for labor and capital, product de- 
sign, prdductidri processes, whether to msd^^ 
or buy components, and where to locate pro- 
duction. Tliey^cqnsider a broad range of hu- 
man resource issues^ from job descriptions, 
kii-ing, proniqtion, and layoffs; to the scope 
and quality of education and training in local 
communities and the extent^ of training their 
firms offer; to labor-management relations and 
the scope of managenal control. As a group, 
they ssist {and protest) Government interven- 
tion in production arid personnel areas, while 
they c^l for better business climates. 

Third, there are the current smd future 
members of the labor force. These individuals 
care about whether they can get and keep jobs, 
and whnt kinds of jobs are open to them'— by 
occupation and industry, by compensation 
level, aiid by degree of job security. Thtey also 
care about the work erivif oririient implicatibris 
of PA utiHzatiori^ the type aridibcatibri bf PA 
applications, arid trends in job design. Arid, 
they care about the amburit, cbst, quaOity, arid 
aources of edueatibn and trairiirig available. 
Sbme labor fbrce cbricerris ;|rg articulated by 
labbr brgariizatibris (iricludirig^riicns), which 
are ooricerried iri part with thq potential for 
new techriblo^ to diriiiriish their rriembership 
by reducirig jbb bppbrtUriities iri manufactur- 
ing br shifting them away frdrri unionized in- 
dustries. Unions have already begun to ad- 
dress varidUs workplace cdncerns through 
-collective bargaining and Other activities. 
However, drily about a fifth of the labor fqrcei 
currently can influence job design, job secu- 
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rity, and training through collective bargain- 
ing. Hence, much of the current and future la- 
bor force lack<5 focused representation of their 
cbhcerhs, and this group may be the least well 
represented in private or public debates over 
PA and relevant policy. 

there are com rniirir ties .^u<ri estate 
and locaf ■rovernriients. Ti > f^rov' :^ :i.re par- 
ticularly concerned al conoiiiic devel- 
opment and maintaining^, oir employment 
bases. Because some cominunities depend on 
manufacturing for employment, and because 
they administer and fund education and train- 
ing activities at least at lower levels, commu- 
nities ciire about the rate and extent of PA 
production and use, along with associated 
changes in skill requirements; job mix. and in- 
structional needs. Even tfiougn individual 
comparues may adjust their work forces vvith- 
but layoffs (through attrition), decreases in 
cbmpariy hiring may cause or aggravate em- 
pldymerit and business problems for the local 
ecdridmy. Declines in emplbymeht and busi- 
ness levels may in turn give rise to a variety 
of problems for cbrnmuhities that range frbrh 
increased health disorders tb diuiinished tax 
rev enues. 

Fifths there are educators and trainers. Peo- 
ple who teach. cKldxeir^iid adolescents ba^e 
curricula in part on expectations about em- 
plbyn3|ftt bpportnnities and jo"^ design; Peo- 
ple- :A'h^each adults also care about changes 
in skill rennirements aTiiinduslry hiring pat- 
terns; their planhihg and actmties are esp^^ 
cially sensitive tb the r^te of chtags, because 
the number of adult students is mbre subject 
to change than the number bf ^ t jhger stu- 
dents. Educatdfs and tra'ners of all types are 
?^5ncerned about the funding, equipment, and 
facilities available to them. Currently, their ' 
concerns i^e likely to be heightened by the bar- 
rage ofj)otentialIy conflicting demands and 
criticisms from numerous sources. 

Sixth arid finally, there is the Federal 
Gdverriirierit. Existirig Federa' ^jrbgrams sug- 
gest Ci-v t the Govenimerit has broad interests 
in the develdpmerit arid use of PA. Ori the 
military side, the Gdverrirrierit is cdricerriecl 



Cfi. TO-- Policy Issues and Op^ • 369 



with the implicatibns of PA development and 
use for riatibrial security and for reducing costs 
for deferise prbducts. On the civiliaiLside, the' 
Goverririlerit has several cbricerns: It is cbtt!- 
cerned abdut levels bf p>rbductivity. ihdustn^ 
well-being, arid ecdridriiic grbwth^ which influ- 
ence the standard df living of U.S. citizens; it 
is concerned about erilpldymerit levels, which 
influence the income distributibri. tax reve- 
nue.s. and expei?.ditures fdr aid tb individuals 
and regions; and it is cdncerried about equity 
issues, from occupational safety and health to 
the])alance of power between labor arid rriari- 
agement. The Federal Government thus rep- 
resents the intei-ests of the Nation as a whole. 

The Reasons for a Federal Role 

Existing;. F^^/leral programs reveal ample 
precedent inr federal involvement in the de- 
velbpmeht and use of PA. in particular (and 
as described in rhbre detail below), the U.S. 
Gdverririierit already has amajor role in fund- 
ing PA research arid >ropment. and it of- 
fers tax iriceritives for capital investment tiSat . 
rriay motivate adbptiori of PA and other equip- 
ment. Mdrebver. it is involved in study and 
regulation df dccUpatidriai safety and health 
impacts generally; it nieasurt j erhploymerit 
trends and relates theni iri limited degree to 
technological and econdriiic develbpriierits; arid 
1^ A^.^ds and shapes educatidii. trairiirig, arid 
retrain! activities. 

nature bf .existing programs, and 
at i.orrie of the benpfits and costs 
c ^> i-; -- .orue tb the Nation ils a whole, also 
^^gB^ :><^ ih,:^^ the Fedtjral Gbvernmenthas a 
stake iii the ciiffus?.dri df PA, The level bf activ- 
ity in PA productidn. fdr exariiple. is a natibrial 
issue. There is a limit td the a • lirit bf PA pro- 
^]:^P^^on the U.S. ^condrriy wiii support (even 
with low levels of impdrts arid snbstaritial ex- 
pjDrtsK While pohcy at the Sta^^^ level foster- 
ing **lugh-tech'* industrial activity may in- 
volve competition for a limited number of 
facilities, only Federal policy can affect the 
level of PA production nationwide. Alsd, in- 
ternational technological leadership, and its 
implications for national security, is a F'ederal 
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concern; at issue are goals ai* ^ cdhditiohs that 
transcend the interests and resources of in- 
dividual ebrripahies, researchers, empldyees, 
and States. 

Furthermore, there are equity issues which 
the Federal Governjnent is best suited^ to iid- 
dress. First, adjustment assistahee— whether 
in the form of extended ttnemploymeht com- 
pensation payments and other tjT>es^ of income 
mEtintenance, fetf aihihg, or relbcatibh assist- 
ance—has long been a Federal responsibility, 
if PA or other influences, such as rising im- 
pof tie veS, have adverse orhplbymeht effects, 
the Federal Gbverrirneht wiU eventually pay 
to take care of individuals uriable on their own 
to adjust to changihgjbb opportunities. Sec- 
ond, work ehvirbmnerit impacts seem tp be 
social costs, like pbUutibh, which market actiy^ 
ity oh its own will hot control.* the labor 
market may be particularly iU-smted tojim- 
dle both employ meht and work environment 
problems arising from PA in coming years for 
several feasdhs. Ih particular^ thie relatively 
slow rates df net j ob growtlT_that econbm 
expect will reduce the numbers of choices 
available^ to job-seekers.** Also, fear of dis- 

* According to Ruth Rutteh^berg, former OSHA ecoriormt, 
"bccupational 9afet_y J^d hefidth has beco PM_^^?^P?^^y 
issue precisely because the econonuc_systcm_has_fa^^ 
achieve ah adequate solution to the problem of workplace haz- 
ards." 'ReguJatibh and the Ecbhdmist," HieNew York Times, 
Nov. 20, 1983. . 

♦♦While the economy. wiil_ experience pos^^^^ 
growth,- strong import coropeUtioa a high Fedei^ deficki sjow 
population growth, and other factors are expected to constrain 



placement and Umited unioh represehtation 
wiU ddminish^pportunities Jbr workers to ne- 
gotiate ynth management about working cbh- 
ditious or to seek other employmeht if dissat- 
isfied, if industry does hot move to alleviate 
adverse effects oh the work envirbriment, the 
Federal Government is ih the best pbsitidh to 
do so. 

Finally, only the Federal Govefhhieht is ih 
a position to coordinate policy initiatives 
across^a broad range of areas. The prbblem of 
coordination isnot triyial. Gurreht prpgr£ims, 
which lack formal coordihatjbh, implicitly fa- 
vor some interests over others by virtue of thp 
allocation of funds and the breadth of partici^ 
patiqn in developii^ program bbiectiyes. Spe- 
cifically, present programs Idescribed in detail 
below) appear to f avbr the interests of PA de- 
veJop^s and prdduters, and to a lesser extent, 
the users and their employees. For example, 
one Federal offidfiQ involved with new-technol- 
programs remarked to ah OTA staff mem- 
ber, **rm putting F^ple out of work; Am I 
supposed to worry about that?" While pres- 
eht pblicg^ allows prc^ams to remain separate 
and parochial^ only the jFederal Goyernmejnt 
is empowered to assure that programs de- 
signed to address one area of nadonal^mtere^ 
do tibt conflict with other national interests. 

economic, growth . /or exardple: Alfit>d L. Ms^abre, J r: ; 
**Some Economists Fe_ar Riwm f p^^ It 
Appears;* '-and Alan Murray, "Growing U S, lYade Gap Js 
Linked to Slbwddwh ih Economic Growth." Both in The Wall 
Street Journal, Feb. 17. 198^. 



The Ghallenge of New Policy 



The diversity of issues and int^^^^ 
ties surrounding poUcy related to prbgraih- 
mable automation suggests that Ebngress 
consider action in a variety of areas. However, 
in developing new policy, it is impbrtaht to 
consider the context for actions ih different 
arenas. 



QTA^s analysis suggests that the area where 
PA itself may motivate the greatest depm;tOTe 
from past Federal pqUcy is work environment. 
Because PA will^aitaally affect the work en- 
vironment of most man^uf acturing persbhhel, 
especially in metdwbrking industries, and 
because it poses new problems pertaining tb 
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the psychologic^ aspects of the work enviro^^^ 
ment, the technqlo^ raises quiSsti^^ 
the adequacy of existing mecl&usim for stxid- 
ying, monitoring, and regxilating conditions in 
the work environment. VV^^ tjus report only 
considers effects on the manufacturing work 
environment, the growing use of computer 
technologies across the economy may triggei 
similar concerns in other sectors. 

By contrast, while OT A 's analysis suggests 
new directions for Federal poUcy in employment 
cmd training, it aliw) suggests that PA-motivated 
initiatives be related to broader forces for 
change iii those areas. In the area of education, 
training, and retraining, OTA found that ordy 
some of the ramifications of PA could be iso- 
lated from the effects of Jncreased use of new 
information mid communic^tibh.teehhdl6gies 
generally across the economy. New teehhblb- 
gies will af f ect^ goals^ f or instruction at all 
levels^ raising fundamental questions about 
educational objectives and the structure of the 
educational system. At the same time, shifts 
m the empioymeht capacities of different in- 
dustries {not necessarily due to hew tech- 
nolo^j may pose problems of bbsblesceht 
skills for specific occupational groups or local 
labor forces. These individuals, concentrated 
arnong prckiuctibh bccupatidris, have special 
instruetibhal needs Ifu-gely unmet by the iri- 
siruetibnal system. Meanwhile, to minimize 
the risk bf skills obsolescence in the future, it 
may be necessary to make fundamental changes 
in educatibrial curricula and institutions, 
changes that better prepare individuals for la- 
bbr market cbhtirigencies. 

In considering emplbymeht pbUcy, the prin- 
cipd problem aasbciated with PA is how to 
minimize uhemplbymeht due to labor-saving 
technology and cope with ernplbymerit adjust- 
ment without going sb far as to postpone eco- 
nbmie change and bring on problems far worse 
than might bthen\dse have occurred. Unfor- 
tuaately, this cannot easily be achieved by 
shifting people from jobs among PA users to 
jobs arnbhg PA producers. PA producer Jobs 
will continue to be fewer and much more 
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**white coHaf" than typical manufacturing 
jobs have been. MbSbver, bi3Cause uhemplby- 
ment cannot generally be attributed tb specific 
technologies, tixe *TA ernplbyrriehtprbblem** 
is really the brbader ernplbymerit problem 
faced by the cbuhtry as many factors, includ- 
ing grbwihg import cbmpetitibri, are altering 
the emplbymeht pbtehtials bf different in- 
dustries. 

OTA's anaiysiB also suggests that issues per- 
taining to PA devel^ment and use reflect broad 
policy concerns for technology development and 
transfer. JV^ provides tools for irhprbvihg man- 
ufacturing processes and cbmpetitive strate- 
pes, but thbrbugh evaluatibh bf rriahufactur- 
ing processes, brgahizatibh, and rriariagerrierit, 
as well as more attehtibn tb cbmpetitive cbri- 
duct (including product designs; pricirig, arid 
responsiveness tb cbhsuriiers), are necessary 
if companies are tb rriake the riibst effective 
chbice arid use bf any techriblbgy. There are 
many aspects bf PA that require further de- 
velbprherit, but OTA fbUrid little evidence of 
critical research areas left unexplored, or that 
manufacturers were hindered from adopting 
PA because bf insufficient technological devel- 
bpriierit. Of greater immediate concern is the 
applicat ibri bf the technology. Timing is an im- 
pbrtarit cbrisideration for PA adoj5tion because 
productivity improvement and other benefits 
bf more efficient equipment and systems tend 
tb lag their installation. 

Federal Policy Strategies 

The orchestration of policy ihitiatiyes in dif- 
ferent areas may be considered apblicy strat- 
egy. If the Federal Govenirrieht ehbbses tb co- 
ordinate activities in the areas bf techriblbgy 
deydqpment and use, employment, wbrk erivi- 
ronment, and iristruetibri; it cari pursue brie bf 
four basic strategies: 1) laissez-faire, or a cbri- 
tinuation bf eurrerit activities; 2) techribl- 
o^-oriented, br eriaphasis bri PA develcprilerit 
and appHcatibri; 3) huriaari resburce-brierited, 
or upfrbiit atteritibri tb educatibri and train- 
ing, wbrk erivirbririierit, arid jbb creation; or 4) 
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both tecHholdgy- and hiiman resource-ori- 
ehted. In eacH case, adjustment assistance 
may be required some time after the adoption 
of PA, though to varying degrees * 

The outcomes of Federal action can be eval- 
uated according to likely effects on industrial 
output, employment, work eh virbh merit, and 
change in adjustment assistance programs. 
The principal uhcertaihties that clbUd projec- 
tions of change are: 1) the rate of advance of 
the techhblbgy, i.e., the likelihood that the 
state pf the art will adyahce far beyond what 
is currently expected during this decade; and 
2) the relative success of efforts abroad to 
develbp or apply PA and to increase sales 
pehetratibh in domestic and foreign markers: 
Another rhajbr uncertainty is economic growth: 
A stagnant ecbhomy creates numerous prob- 
lerns which are best addressed directly , rather 
than through '/PA poHcy,'' although iiutia- 
tives discussed in this chapter may support 
a healthy economy. Federal action can in- 
fluence ail of these uncertainties: 

The success bf other cdUritries in competing 
with U.S. firms (whether due to PA or not) can 
be a principal cause of lower industrial output 
and erhploymeht for the country. A strategy 
with at least some orientation to new technol- 
ogy devdopment and use can reduce that risk, 
because it can contribute to improvements in 
productivity and competitiveness JHoweyer, 
a strategy that is strictly technology-oriented 
will probably increase the Jncidence of labor 
market problems associa^ted with shiftmg erh- 
pioyment demands^ ag^ayating needs for re- 
training and other adjustment seiviees. Even 
if greater use of PA were to make U.S. firrhs 
decisively more competitive, some firrhs rhay 
never hire to prior levels; sbme areas may 



♦The need for adjustment Jissijgtance^is ongoing: it wiU never 
disappear totally in a dynamic economy, where economic and 
techhblbgical change continually wate dislocationa: That need 
hbrmally vari^ in level, by geographic regidri. arid over time: 



depend primarily on such firms; ind sbrhe 
individuals may have difficulty adaptihg to 
changing skill demands. Also, a strictly tech- 
nology-oriented strata]^ is Kkely to ag^avate 
potential work ehvirohmeht prbblerhs. Ih sum, 
a strictly techholbgy-brieht^ strategy would 
entail upfi-ont costs for technolo^ develbp- 
ment and use, but it wbuld alsb entail bther, 
postponed costs such as increased adjustrheht 
assistance spehdihg. 

A human resourceroriented strategy would 
involve investments in evaluatfaig^skiH require- 
ments; taUoring education^ trfdmng. and re- 
training^ activitira; and assisting in tiie match- 
ing of people with jobs. Ideally, it should avoid 
^owtfi in adjustment assistance spehdihg due 
to extended uhemplbymeht that might bccur 
in the wake of PA, ahd it rhay even diminish 
such spehdihg. Human resburce develbpmeht 
does hot preclude and rhay well facilitate the 
use bf PA and otherwise improve productivity. 
However, its effects bh iiidustrial output levels 
rhay hot be as measurable as the effects df 
techhblbgy-brieh ted policy. Although human 
resburce and techribldgy initiatives may com- 
plement each other in influencing output and 
erhplbymeht, explicit human resource efforts 
may be heeded to address work environment 
cdncerhs, regardless of whether initjatives are 
taken to accelerate PA application: 

A combined techm*5©^- and human re- 
sburee-briehted strategy cbuld draw bh the 
ebmplemehtarity bi equipmeht and hiimaiis in 
prbduetibh, assuring techhblbgy develbpmeht 
wthbut cbmp^^rbmiaing work en%dronment con- 
cerns. Also, it lends itself to long-term job 
creatibh initiatives. Thus, a combined technol- 
bgy- and human resourG_e<>^^^ strategy 
cbuld assure that human impacts are explMtly 
cdhsidered in the processes of PA development 
and use. While this type of strategy is the 
ilidst cdmprehensive and balanced, Jt may be 
the most difficult to design and implement 
because it explicitly affects the broadest range 
of interests. 
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Existing Federal Policy and QptiDns ior New Initiatives 



The remaining portions of this chapter out- 
Hhe existing Fed«"al p>oHcy in the areas of tech- 
nology development and use, employment, 
work ehvifohmeht, and education and train- 
ing. Each discussion of existing programs is 
followed by a set of options for possible poli- 
cymaking in each area. These options could be 
combined to develop one of the strategies 
outlined above. 

Existing Federal Policy for 
Technology Development and Use 

Federal policy toward mahufacturihg tech- 
hdlb^ for hew products or prbductidh proc- 
esses is piecemeal at best. Relevant programs 
principally address research and develc^merit, 
although both rnacrdecdhbmic pdlicies and 
mdre spedfic prdgrams, such as tax credits, 
may indirectly stimulate techridld^ change 
in manufacturing by encouraging capital in- 
vestment. Only in the area of defense procure- 
ment does the Federal Government actively 
coordinate product and process technology 
development and application.* 

As described in detail in chapter 8, Federal 
ihvdlvemeht in PA research arid develdpriierit 
cdmjprises the efforts of four pririiary gdverri- 
riieht agencies with distinctly different man- 
dates. The wdrk df the Departriierit df Defense 
(DOD) and the National Aeronautics and 
Space Administration is heavily mission- 
oriented, although it may have significant 
spinoffs for the commercial sector. However, 
by_?^djargej:he commerdal markets for new 
mamufacturing technologies tend to trail the 
Government (prindpaily nuBtary) markets^ 
The Nationd Scienre Foundation (NSF) funds 
work of a more generic nature, and the Na- 
tional Bureau of Standards (NBS) performs 
significant, generic work in its own labora- 
tories. NBS perforriis research in many areas 

♦ Note that defense procurement .technqiogj^ j)rpjgTam^^ de- 
scribed tn ch: 8.are also. complemented by the provisions of the 
Buy America Act of 1933, which^timulates domeati'! produc 
tibh by prpmotihg procurement of domestically made goods by 
the Government. 



relevant to PA, including standardizatidh in 
languages and in interfaces between com- 
putenzed tools. In addition, NHS' Automated 
Manufacturing Researeli Facility, being con- 
structed with DOD funding assistance, is one 
of the few full-scale test beds for computer-in- 
tegrated manufacturing concepts. 

The Federal Government is also inyolyed in 
standard-setting. Standards in^ the United 
States are generally developed on a yoluntaiy 
basis b;^ vendors and cojisumers^f specific 
products. The U.S. sysj;em of voluntary cqm- 
pliance witli these standards contrasts with 
the government-enforced standards of many 
other coimtries. The role of the Federal 
Government; throu^ NBS^ is largely to foHow 
and facilitate standards efforts, and in some 
cases perform supporting research. 



Recent Legislative Proposals 

Legislation has been proposed during the 
first sessjon of the 98th Congress to provide 
direct^upport to the manufacturing sector in 
the United States. Many of these proposals 
include mechanisms for promoting greater 
cooperation between business, labor, and 
government for achieving national economic 
goals; a commofl theme is creation of a hew " 
institution. Such proposals in -lude: 

• The estabUshnient of some ty^^ 
tional Teclmology Foundation or JBoard 
that would be charged with determimng 
prioritjes for industrial development in 
the United States, it would assess the 
competitive capabHities of U.S. industries 
in order to direct national resourcesJnto 
those areas wKch would improve U.S. in-__ 
dustrial pefforihahee. _ 

• Some type of National Developrneht 
Bank to finance the. long-term develop- 
tnent of targeted industries. 

• The formation of a National Robot arid 
Autbniated Mahufacturihg Lefi^^ 
poratibh, which would facilitate the leas- 
ing of PA equipriieht. 
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' • A National Gento: for Industrial Technol- 
ogy, prombtifift dissenim niahu- 
facturing: technology information. 
• Special tax incentives for purchases of 
automated equipment. 

Options for Technology Development 
and Diffusion Policy 

Research and Development 

Drawing on the existing set of institutions, 
Congress could act to mcrease PA Jl&D by in- 
fluencing both the overall level of fuhdihg and 
the distribution of funding to various ageiifcies 
and research topics. R&D cohtributes to the 
scope and level of techhblbgy available to the 
private and public sectors, and it cohtributes 
to the position of the cburitiy as a technologi- 
cal leader. 

However, the de^^ee of technological leader- 
ship to which we have become accustomed in 
the post- war era may not be sustainable. As 
one analyst notes: 

Thus, bur present situation is tlmtjn many 
fields, Americans earlier lonely eminence at 
numerous technological frbritiers has given 
way to a wbrld in which other industrial na- 
tions have attained j)dsiti^^ Bt, 
these same frontiers, in many-ways all this 
should be cause for rejoicing: We are ho longer 
living in the readily-idehtLfiable af terms^^^ 
the most destructive war in history . Although 
we are, periiaps understandably, preoccupied 
with the mbre purely competitive aspects of 
the situation, we need to be remi^ 
companionship at the technological frontier 
offers some considerable behefits as well as 
costs.* 

Gbhgress could act to maximize techndlog- 
ical leadership in part by ihfluehcihg both the 
bverall level bf Federal R&D funding and the 
-distributibh of funding to various agencies and 
research t jpics. The current ehvironment for 
autbrhatibh R&D is relatively healthy. How- 



*N. Rosenberg. Stanford Uniyersity, ''U 
Leadership anAFordgn Competition, 'P_e te fabuljLna^at^ 
November 1981, mimed, National Academy of Sciences. 



ever funding for more long-term, generic re^ 
search in nonnnKtOTy appUcatibh areas is rel- 
atively thin. Confess inay wish tb i-fidse 
funding specifically fbr generic research, pri- 
marily through the National Science Founda- 
tion and National Bureau of Standards. Sev- ; 
eral of the measures currently under 
consideratibnih Gbhgress which increase Fed- 
eral funding fbf engineering research, overall 
or for autbmatibh in particular, could serve as 
a vehicle for such ah ihcrease in hbhmilitary 
PA research. The advantage bf such a measure 
is that it could fill a/gap in generic ehgiheer- 
ihg research which has usually beeh too ap- 
plied fbr hiaibrNSF fuhdihg and too basic for 
substantial industry attention. Oh the other 
hahd, some would argiie that such manufac- 
turihg-related R&D is the responsibility of in- 
dustiy. 

Confess may also wish tdihcrease the fund- 
ing of specific areas bf R&D^ such as stahd- 
ards and huihah faetbrs, which cbuld facilitate 
the appKcatibh bf PA techhblbgies. While a de- 
tailed assessment bf fuhdihg allcKjatibns 
ambhg the varibhs±c$ics bf R&D is hbt within 
the scbpe bf ^his OTA report, bther studies 
have begun tb address this issue. ^ 

Standards 

Standards are a means of ihcreasinjg the ease 
of use of the technblbgies and ^hcbiira^g 
their application. The prihcipal disadvantage 
of standards prcfliferatibh is the risk that more 
rapid adoption bf stahdards may, provide 
shOTt-term benefits for users but hinder future 
techhblbgical ihhbvatibhs which could be m- 
cbhsisteht with the stahdards. However, it is 
bfteh the case that the products of a dominant 
vehdbr become de facto standards in the mar- 
ket. An increased F^erfd role may lead^p a 
mbre reasbhed chbice of standard. Congress 
cblild stihlulate standard-setting activities in 

•See, for example: Resemvb AgBndu for Jacreasing the Use 
of Computers in Design and Mwrnfajctming, Paiiel on Com- 
puters in Design and Manufacturing, Manufacturing Studies 
Board, Natioiwd Academy of En^ 

ommendadonsfor CAD/CAM Research Directions in the U SV^ 
Richard F: Biesenfeid, Department of Computer Science, 
University of Utah, prepared for the Natioial Science Founda- 
tion, July 23, 1982. , 
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the Federal Government by increasing or re- 
stmctimng the fonding oif NBS, the agency 
which administers Federal standards efforts. 

Congress might also cbhsider legislation 
which would clarify the legal position of staiid- 
ards-making groups. Ciirrehtly, groups which 
help coordinate and oversee the intricate proc- 
ess of developing standards, slich as profes- 
sional and trade associations, can be held 
responsible for antitrust violations which spe- 
cific standards may pose. A recent Supreme 
Court decision finding against a professidrial 
association appears to have significantly 
cooled private sector standards-maldng ef- 
forts, and it has helped make the procras more 
time-consuming thmusuEd.^ W^ [tj? impor- 
tant that standai^ds be devised so as to mini- 
mize potential anticomjjetitiye effects, it rnay 
be^ possible to darify the^laws to reduce the 
amount of time involved in establishing stand- 
ards. 

Iri additidh, Cdrigress cdlild cdhsider pro- 
viding a mdre active role for the Federal Gdv- 
ernment in standards develc^ment. Congress 
could direct NBS to increase its current efforts 
to facilitate, coordinate, and otherwise pro- 
mote standard-setting efforts. A potential 
disadvantage of tW option is that it would 
increase the Federal role in PA markets. 

Diffusion 

The appropriate rate fdr addptidri of PA 
within arid between industries is a subject of 
contention. It depends dn the rates df addp- 
tidn among U.S. trading partners, the extent 
of delay between invention and adoption df 
new technology, and the ability of the labor 
force and industries to adjust. In the jpastj 
adoption of individual PA technoiq^es was 
slow, while it now appears to be acce^^ 
Thus , there is ffreat d^ger in extrapolating 
frp?^_P^^ J^^?4L*?9??- i^*']?s context, there is 
probably a degree to which Pj^ adoption can 
be facilitated without inc ur r in g excess costs. 
Beyond some indefinite point, however, en- 
couragement of the use of PA may lead to iH- 



^Amencah Society of Me^ Inc. v. Hydro- 

level Corp.. 456 U.S. 556, reh'gdexued. 102 S.Ct. 3502 (1982}. 
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cdnsidered applications and excessive prob- 
lems fdr employees and cdmmunities. 

Cbhgreas could facilitate the adoption of PA 
by removing some of the barriers to applica- 
tibh that have been cited by industry aii^ysts 
and spbkesrheh. At the most general level, 
these barriers are the prbblems that industries 
traditidhally cite as a hindrance to doing biisX 
hess, such as high interest rates and (high) 
taxes. Of course, such steps are riot easy to 
take* ar d th^ may have side effects, including 
the creation df pf dblems elsewhere diie td the 
shdrt-ruii Idss df tax revenues.* 

More speeifieally. Congress could consider 
legislatibji that would help to make relevant 
ihfbrihatibh aveiilable to businesses and cbih- 
rnuhities* In particular, ihformatibh about the 
riature bf PA t^hhblbgies arid hbw their cbsts 
arid benefits differ frbm thbse bf other equip- 
riieht wblild T^e particularly useful. Traditibrial 
riibdes of firiaricial arialysis are riidre suited to 
cbriveritibhal equipment thari to PA, arid iri 
cdriseqUerice sdme firms have had difficulty 
jUstif^rig iiivestmerits in PA.** Mdredver, 
whil^ trade and prdfessidnal associatidns and 
jdurnals dd prdvide such iiifdrmatidri, that iri- 
fdrmatidn tends td be incdmplete. Cdrigress 
could either empower a Federal agency such 
as the Despartment of Commerce to increase 
its sffprjbs to collect and dissemiriate such in- 
formation (e.g., through the Nation d Te^ 
cd Infqrmation^Seiv^ foster 
cooperative Eormigements between Federal 
agencies and relevcmt trade^and professional 
associations. By complementing existing as- 
sociation activities with a Federal role. Con- 
gress could assure broader participation of 



♦Gverail economic policy in_recent years has ainied at improv- 
ing the pei^rmance of the U.S. mMuTacturihg secfcr. Such 
polici^ have Lncluded increasmg dej^^^ for 
business inyestmen t ui plant an The Economic Re- 

covery tax Act of 1981 (ERTA) provided generoas atlowances 
which were reduced s0mewhat4n the^ax Equity and Fiscal 
Responsibility Act of 1982 (TEFRA). Despite these tax ihceh- 
Mves.jwme Mal^^ maintain tHat the Jarge Federal deHcit will 
continue, to sustain high costs for capital. _ 

♦♦Conventicfial analyses often fail to capture changes in in* 
direct costs, which tend to bo invariant for alternative forms 
of conventional eqiiipmen t^ F-^.^^^P^P^nt may not only affect 
direct labor costs, but indirect labor, materials, and other costs 
as well. 
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interested parties, including employees and 
communities. 

Also. Gbngress could consider sponsoring 
demonstration programs, provdding examples 
of best practice in the areas of technology and 
work ehvirbhmerit. While PA instaUations in 
several cbmpanies are already well-pubHcized 
showcases, a Federal role would ino-ease the 
Hkelihbbd that work environrnent and employ- 
ment issues are clearly addressed and linked 
to the t^hndlogy. On the other hand, the tech- 
hblbgy in aiiy given ins tdttation can ^bhly rep- 
resent the state of the art for a limited time 
in the context of relatively r^id change in PA 
costs, applications experience, and sbphistica- 
tibh. Further, the inyestmeht ahdriak associ- 
ated with a typiral^retrofit ihstEQlatiori of PA 
is far less than that associated with, for ex- 
ample, a synthetic fuels plant.' Thus, a demon- 
stration program for these technolb^es may 
be less cost effective than for such technolo- 
gies as synthetic fuels production. This gap 
may narrow, however, for large-sccQe experi- 
ments in computer-integrated mahufacturing, 
which are far more costly and risky than 
* 'islands of automatibh/' 

Adbptibh of PA is only a partial sblutibn tb 
problems faced by the manufacturing sector^ 
- A longer term solution involves redressing the 
histbrical inattention, both of industry and 
gbverhment, to manuf acturing4)rbcesses, br- 
ganization, and management. There is some 
evidence that this is happening already in the 
private sK:tor, where ihterhatibhal cbmpeti- 
tidn appears to have generated a new aware- 
ness of U^S. weaknesses. Tb assure that this 
awareness translates into effective actions^ 
Congress could direct funding and effort 
toward the development bf engineering curric- 
ula in universities which cbrnbirie manufactur- 
ing, design, and human resource m^^ 
activities, as well as research in manufactur- 
ing engineering topics. 

for example. Energy Fwm Biological Processes jylMh- 
ingtpn. D.C.: U.S. Congress. Offii^of Technology Assessment. 
bTA-E-124, July 1980). Synfuel plants have been estimated to 
cost in the $2 billion to $3 bilUon rcoige. wMe higWy a"j^?ated 
plants in discrete-mmufacturing metalworking industries tend 
' to cost under $ 1 billion. Levels of both technological and finan- 
cial risk are very high for synfuel plants. 



Another approach with nearer term benefits 
would be for Congress tb foster the creatibii 
of some form of * 'manufacturing institute," 
perhaps building oh the research centers al- 
ready at NBS or at univ^sities tb provide a 
focus for mmuf^turmg technology, organiza- 
tion, and management issues. Such an insti- 
tute could serve as ah information clearing- 
house^ The National Academy of Sciences, for 
example, recently recommended establish- 
ment of at least one joint POD-U.S. machine 
tool industry research center to improve flows 
of information supporting defense technology 
needs/ Yet, rnahy observers believe that the 
need for improvement in technology transfer 
is greater in the civilian than in the defense 
sector. Ah institute could serve as a dunk tank 
serving all industries, with rotating fellow- 
ships bringing in people from throughout the 
mahufacturing sector.* 

The advantages bf a rhahufacturing insti- 
tute would depend on its structure and man- 
date. A potential disadvahtage of an institute 
would be that it could becorhe just another 
layer in a complex hetwbrk of Federal and 
private orgahizatibhs. Also, the designation 
of formal coordihatibh requirements coujd 
freeze the extehsive networking that already 
occurs informally. However, a Federal pres- 
ence cbuld assure broader participation in the 
networking process. 

Existing Federal Employment Policy 
(Excluding Training) 

_ The United States already has a variety bf 
Federal employment programs and legislation. 
Mbst bf the key pieces of legislation emerged 
during the Depression era. Excluding educa- 



*Mahufacttiring Studiea Board. Committee, on the_Machine 
T(x)i Industry. The U.S. Machine Tool industry and the De- 
fend industrial Base^ National Academy Press. 1983-84. 

♦The National Science Foimdado^^^ P^^" 
gram for 1985 to create five to ten centers fprjntenlisdpliha^ 
engineering reeearch. While th^ centers are in some w^s sim- 
ilar to manufacturing ''institutes." the relatively modest level 
of funding($10 miiliqn for bM five to ten centers), arid the fact 
that they will not necessarily address.topics related to manu- 
facturing, indicates that they will not be likely to subst^ 
change the historical U.S: iriaftehfion to manufacturing engi- 
neering. 
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rion and training pro-ams, which are de- 
scribed jater in this chapter, existing Federal 
employment policy covers four broad catego- 
ries:!) the development and distribution of 
labor-market information, 2) ihebme mainte- 
nance for the unemployed, 3) labor standards, 
and 4) job cfeatibh. 

Most Federal employment grogra^^ are ori- 
ented toward ujiemployment ^Ja^^^V^^^ 
short duration, generally what is referred to 
as cyclical unemployment. Al^^ 
two decades. Federal employment pohc^^ 
come to focus ^n^aiding disadvantaged ^oups 
of people (defined as low-income, or dirbnicafiy 
un- or imder-emj^oyed). eohsequehtfy, etnrent 
programs are not designed to accommodate 
the more enduring uhemplbymeht that may 
befall individuals and communities ^veh wide- 
spread technblogical change, grbwihg import 
cbmpietitibh, and Ibhg-term shifts in cbhsixmer 
buying patteriis— uhemplbymeht geha-ally re- 
ferred tb as structural uhemplbymeht. 

CQi^pared to most E uropean countries jand 
Japan, labor market policy m the United 
States is reactive and uncoordinated, and it 
is^not Unked to other, industry-oriented pro- 
grmns for structure adjustment m the na- 
tional ecohbmy. Since several rjecent j-epbrts 
by the Gongressioiial Budget iDffiee (CBDj ahd 
the Gbhgr^ssibhal Research Service (GRS) ex- 
amine Federal erhplbymeht pblicy ih detail^ 
this assessmeht will address key features £ihd 
refer the reader tb bther analyses for mbre 
information. 

Legislation 

Major employment pbHcy in general evolved 
from the following pieces of legislation: .The 
Wagner Peyser Act of 1933 established ifree, 
public U.S. Emplbymeht Service {USES). 
USES (hbw caHed the J bJs Service ih some 
States) comprises a State-Federal heiwork of 
jbb listing and placement services. Unlike its 
forei^ cbuhterparts, however, USES does hot 
have legal mbhopbly oh job referrals, |>cwer 
tb regulate cbmpetihg private emplbymeht 
agehcies, br power tb compel its use by em- 
ployers (except for Federal contractors). 



Because of these liihitatibhs, during the pbst- 
Wbrld War II era, USES hebmhe ah outlet for 
relatively Ibw-skilled, disadvantaged ihdivida- 
als. This bccuri-ed thrbugh the proliferatibn 
bf speciedized, private emplbymeht ^endes 
which tended tb serve relatively high-skilled 
persbhheli the cbmbihed burdens of budget 
cuts and labor force growth ;_ and the effects 
of a pblicy shift in the late 1960's which em- 
phasize disadvahtaged workers and which re- 
quired USES and Unemplbymeht Ihsurahce 
(see below) officials to assist in the admihis- 
tratiph of public assistance programs. Sihce 
the 196p's, employers and employees have as- 
sociated USES with welfare programs. Private 
employers consequently tend not to list open- 
ings with USES, except for lower skill, high 
turnover jobs. Thus, despite reforms and the 
development of computerized job banks, the 
USES has continued to play a marginal role 
in the labor market.** 

The Sbdal Security Act of 1935 established 
the Uhempldymeht Ihsurahce (UI) system. It 
is a program administered by a Federal-State 
network of agehcies which hbw covers most 
of the labor force. UI provides eligible persons 
with funds that replace up to 50 to 70 percent 
of their wages for 26 weeks. Associated ex- 
tended benefits (EB) and Federal supplemen- 
tal compensation (FSC) j5rograms provide ad- 
ditioncd moneys oyer longer periods of time. 
Funds m:e generated by employer and onploy- 
ee contributibnsjmd disbiirsed th^ State 
agencies, with emei^OTcy aHocations awarded 
on occasion by Congress. Labor-market an- 
fQysta geherally cbnsidea- these and other 
payrbll taxes iheehtives for employers to lay 
off personnel if busihess declines; the availa- 
bility of uhemplbyrheht cbmpehsatibh, tooth- 
er with the custbmary rehirihg of laid-bff 
personnel as busihess cohditibhs imprbve, is 
geherally-cohsidered to retard job-search ef- 
forts ahibhg the uhemplbyed. However, the 
U.S. program has aghificahtly lower wtge^re- 



*Therdle of the USES and cdn&asts wUh its-cduhteiparts 
abroad are diisicussed iii a monograph by Mike Pbdgiirsky of 
the University of Massachusetts (AmheraU, entitled "Labor 
Marked Policy end Structural Adjustment," Apr. 1. 1983. 
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placement rates than Japan, Germany, France, 
and Sweden.^ * 

Some countries provide public assistance 
to the long-term unemployed who have ex- 
hausted their U I Benefits, and many European 
countries provide **short-time^' (part-time or 
pro-ratedL benefits to allow wdrksharmg 
among firms and industries with reduced labor 
requlreniOTts: Some States, such as California, 
have recently begun similar worksharing pro- 
grams. The Tax Equity and Fiscal Respons^ 
biiity Act of 1982 called for the Department 
of Labor to develop rhodel worksharing legis- 
lation for Stales. 

The Fair Labor Standards Act of 1938 
(FLSA) provides specific standards for wages 
(including a minimum waige and p\ ertime 
rates) and hours of woric^ It also prohibits child 
labor. FLSA covers primarily nbh-profepidnal 
and managerial personnel. While collective 
bargaining in unionized settings provides a 
means of assuring that wages aiid working 
conditions are adequate, FLSA provides pro- 
tections ]n the form of mihimurri standards for 
wages and hours for all workers.** It was in- 
tended, in part, to prevent individual State 
economies from profiting in trade with other 
States through lower labor costs obtained by 
low pay ahd/br long hours. According to^ ob- 
servers, however, monitbring and enforcement 
of labor standards in nonunion workplaces 
tends to be limited. FLSA is coniplemented 
by other pieces of legislation governing wages 
and hours of personnel employed by compa- 
nies doing business with the Federal Govern- 
ment. Those include the Walsh-Healy Act. the 
Service Contract Act. the Davis-Bacon Act, 
and the Federal Work Hours Act (which set 
the 8-day, 40-hour week as standard). 

The Employment Act bt 1946 estabiished a 
Federal interest in the adequacy of employ- 

*Ibid. Also, note that research by James Jdndrow of the Cen- 
ter for Naval Analyses sugjgests that nohi«muherative person- 
nel costs (about half of which are fixed.. mo_stly federaUy^^^ 
dated or training-related) may account for about 23 percent of 
manufacturing employ merit coata. - 

* For more information on UI^ see the analysiaby t'SOjen- 
titled •-•Unemployment Insurance: Financial Condition and Op- 
tions for Change." Jane 1983. _ 

**FLSA discourages, but does not prohibit, overtime. 



meht oppbrtunities. the Full Engjioyment 
Act of 1978 expanded on the principles of the 
1946 act, requiring that the President dovelop 
eeohbmic policy consistent with the achieve- 
meht of full employment^ Despite these legis- 
lative efforts to promote plmmhg for the 
medium and long teirn, most en^loym^t poli- 
cy and ecoridmic policy (fjscd said monetary 
has focused dri short-term objectives * 

Additional Progranis 

The legislationdescribed above provides the 
frarnework lor Federal labor market policy. 
Additional Federal programs aim at creating 
jobs, developing labor market information, 
and providing adjustment assistance beyond 
the UI income support program. 

Job Cr^tjon — Federal job creation activi- 
ties fall into two cateigbries. First, various 
macnoeconqmic policies aim to improve em- 
ployment opportuniiies by stimulating ag^e- 
gate demand (buying of varidUs goods and 
service by aHiypes of consumers) and produc- 
tion activity. The effect of such policies is in- 
direct; relevant measures target interest rates, 
inflation, money supply, and disposable per- 
sonal ihebihe, which iri turn affect productioh 
and consumption activities by lowering costs 
and increasing budgets. While fiscd ^d 
monetary policy can aim for long-term ^b- 
nomic growth, steps tend to be taken to im- 
prbve short-term prosjpects as the business 
cycle changes. Macroeconomic policy is sbme- 
tiihes complemented by specific, short-term 
prbgrams, such as the Public Service Emplc^- 
meht Prdgram of the late 1970's and various 
public works initiatives. Public works initia- 
tives are recurrent themes in jobs legislatidn 
because of their countercyclical eihplc^ment 
pdtential as welL as theff obvious appeal td 
cdnstituents in affected fiff^. The Emergency 
Supplemental Appropriatibhs for Jobs Act of 
1983, for example, provided funds for a vari- 
ety of public works projects. Public works pro- 
grams can be designed tb employ relatively 

♦The development Eind aftermath ot4:hese laws are deamh^ 
iii detail in a recent CRS anal^^sis. "The Employmerit Act of 
1946. as Amended, and the Opportunitjjr for Economic Plan- 
ning: The Fede^-al Govefnmenfs Response." Feb. 4. 1982. 
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high- or low-skilled person although cdri- 
stnjctiqnj)rqj acts tend to employ relatively 
high-skilled personnel. 

A more focused prbgram is the Targeted 
Jobs Tax Credit program. This prbgrarn, ini- 
tiated in 1978,* arid Imehded by thiEcdhbmic 
Recdyeiy Tax Act of 1981 and the Tax Equity 
arid Fiscal Responsibility Act of 1982, airris 
at job creation for ecdridmically disadvantaged 
groups. It provides eriipldyers with a percent 
of the eamirigs df a new hire in the fdrrii of a 
tax credit. The prdgrani has two principal 
shortcomings: First, there is a risk that eril- 
ployers will be paid fdr jobs that thejr wduld 
have created anyway. Recent riiddificatidris td 
the program are believed to have lessened this 
risk. S^ond, the progi-am only applies to those 
firms that have tax liabilities, because the 
credit is nonrefundable. 

Labor-Market /hfarmat/oh. -—Various pro- 
grams airil to generate labor-market ih^^ 
tidri (LMI), althdugh the Federal role in this 
area has been decreasing. The Departmerit of 
Labor administers the Federal-State LMI pr<> 
gram thrdugh the Employ rilerit arid Training 
Administration, the Bureau df Labor Statis- 
tics (BLSj, and the State Empldyment Secu- 
rity Agency (SES A) LMI units. The Natidrial 
Occupational Information Coordinating Cdm- 
mittee (NOlCCj ard the related State cdmniit- 
tee (SO I GG) network provide coordination, 
cooperation, and communication in develop- 
ing occupational infonnatiqn^BLS^ in particu- 
lar, provides inforniation_qn aggregate, indus- 
try, and occupational employment and wage 
patteriis. 

Because BL!S has experienced sharp budget 
cuts during the current administratidri, it has 
cut back on the volume and precision df the 
iirfoiTOatiqn it pubU^ For exariiple, because 
the smnple size for tbQ Current Pqpulatidn Sta- 
tistics survey has been reduced^ results for 
smaH areas (including the smallest States) and 



*it succeeded the New Jobe Tax Credit oiacCed in May L977. 

♦* These cralits are discussed in a recent analysis by CRS, . 
eh tj tied **Jobs Legislation in the 98th Congress" (Issue Brief 
1883059). 



miridrity groups are less accurate;* the elimi- 
natibn df the labor turnover survey rneaiis the 
loss of a leading iridicatdr df mMufacturihg 
expansion and cpntractidh; the eUminatidti of 
the multiple jobholder supplement survey 
means the loss df a measure of the incdme ade- 
quacy of certain types of jdbs; the eliminatidh 
of the Family Budget program meM the loss 
of a measure of economic conditions; and the 
cutbacks in the economic growth, productivi- 
ty, and oroupational outlook programs mean 
the joss^of^detailed insights into the changing 
deployment of labor in the economy. 

Adjustment Assistance.— Finally, in addi- 
tidh to the general empldyrneht programs 
listed abdvej the United States also has more 
focused adjustment programs. Prbmiheht 
among them is the Trade Adjustment Assist- 
ance (TAA) prdgram^ launched by the Trade 
Expansidii Act df 1962 and modified oh sev- 
eral occasidiis, which has been the principal 
source of aid for displaced workers. The United 
States is unique among developed countries 
in distinguishing import-based displacement 
from other sources; European and Japanese 
programs encompass persons displaced by a 
variety of factors, such as new technology. 
Eligibility for TAA js limted to those w^^^^ 
demons trate that they were displaced as a re^ 
suit of imports, although the strictness of the 
test has varied- 
Due td strict eligibility criteria, TAA dis- 
btu'sements were negligible utotil the act was 
amended in 1974. During the 1970's, critics 
faulted the program for delays in prdviditig 
assistance, for emphasizing compensation 
over active adjustment £^^^ for funding 

people who eventually returned to their origi- 
ns ernploy^r, and for narrowly designating 
who was affected by imports (e.g^^prime m£ui- 
ufacturers but not firms whose principal busi- 



* Sampling ^^ V^i^^Tices for miribrity^ Jgrpups Kfli ve al wayfl 
b^.n .suspect; the recent cutbacks aggravate a nonoptunal 
sit_u_ation. ^ 

**The nature and ramifications of these cu^acks are de- 
scribed^ih a detail^ analysis of Federal statistical programs 
PrPP^?^ J^y CRS, enUtled "R the Statistical 

Activity of the Federal Government," June 2. 1982. 
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hess was supplying them). For example, the 
General Accounting Office found that relative- 
ly f m TAA participants used the relocation 
assistance feature,^ principally because partic- 
ipants were either unaware of the program 
or uninterested_in it. The 1981 amend merits 
(through the Dmnihus Budget Reconciliation 
Act) again revised the eligibility test, making 
imports a *i^substmitial cause" of job loss, 
while the 1982 amehdihehts specified that im- 
ports shouldiiave **contributid impdrtantly'' 
to job loss. The 1982 legislatiori provided very 
little funding, and the sirnple 2-year extension 
of the program enacted iri October 1983 pro- 
vided ho funding.* ^ 

There have b^n severaH^ederal programs 
legislated to provide compensation arid/or 
other assistance to select groups of people in 
the event of job loss resultmg from Federal 
actions. These include the Itedwoods Act of 
1978 (compensating for job loss associated 
with the expansion of theHedwoods National 
Park), the Rafl Passenger Services Act of 1970 
and the Rationd Rail Reorganization Act of 
1978 (compensating fbr jbb loss associated 
with the rationalization of the national railroad 
system following the financial collapse of sev- 
era railroads), the Airline Deregulation Act 
of 1978 (cbrhpehsatirig for job loss associated 
with thejderegulatiori of passenger airUnes), 
and the Departrnerit of Defense's Economic 
Adjustment Program (compensating for job 
loss assc>ciated with changing defense sjpend- 
ihg arid sitirig decisions). Some andysts might 
also add such Federal efforts as the loan to the 
Lockheed Corp. arid the loan guarantees to the 
Chrysler Corp. during the 197e's as special 
prograriis aimed at averting massive unem^ 
plbymerit (among other goals). And, there are 
various efforts providing preferential 
assistance to veterans (whose career devel- 



♦Several-re<»nt CRS and CBO publications ajidii^tAA. See, 
for example, the CRS pRp&, "Unemployment Compensation 
and Trade Adiustmeht Assistance: Changes Made by the 97th 
eongress." Nov. 23, 1982. : ^ 

'See "Curmit National Developments," Employment and 
Training Repcii^r, Oct, 5. 1983; cnd 'New Law QualifiM More 
for 'TAA', *Ur." EmpJoymchl and Training Heporten Nov. 3, 
1982. 



opment is at least interrupted by military 
service). 

There are also pro-ams targeted toward 
specific areas, such as the Defense Manpower 
Policy #4, which encourages defense ebhtracts 
to be awarded to labor^stuplus areas. The Area 
Redevelopment Act and its progeny also stiip- 
ulated economic activity in specific ^eas, in 
part to promote employment. Current iriterest 
iri eriterprise zones, favored by the Reagari ad- 
riunistration, also focuses on area development 
to stimulate employrneht. 

Recent Legislative Proposals 

A variety of employment Bitis were ihtrb- 
duced during the firat sessjon of the 98th Con- 
gress. The riumber and^ontent of the bills re- 
flect the strong concern about high levels of 
uneriiploymerit, and uncertainty as to the du- 
ratidri of those levels. Qne biU (S. 1286, the 
MariUfacturing Sciences and Technology Re- 
search and Development Act of 1983) appears 
to have linked the development of riew tech- 
nology with work force adjustriierit. That bill 
directed th§ Secretary of Labor to devise ex-" 
perimental proprains for retraining/ 'displaced 
workers" to facilitate the utilization of ad- 
vanced jnanufacturihg t^hridlogy. Other re- 
cent legislative proposals regarding employ- 
ment include^ 

• establishment of a system of tax credits 
for employers who hire individuals eligi- 
ble for FSC payments, or provide tax 
credits for people hiring for businesses iri 
enterprise^zones; 

• estabUslraient bf^iublic works programs 
of either specified or irideterriiinate 

duration; _ _ _ > 

• activities to stimulate employrilent of 
specific groups, iricludirig senior citizens, 
raiSoad employees, arid employes of rela- 
tively small deferise contractors^ _^ _ . 

• reform of immigratidri laws and proce- 
dures, which would influence the supply 
of labor to U.S. jobs; 

• establishrilerit of plant-closing hbtifica- 
tiori arid corisuitation procedures; arid 

• establishriient of a youth minimum wage. 
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Options for Employtnent Policy 

Options for employment policy range from 
continuing current programs (the status quo) 
to adopting new measures in one of three 
general areas: job creation, cdUectidri and 
dissemination of relevant information, and ad- 
justment assistance. 

Status Quo 

The programs outlined above (together with 
the education and training programs described 
elsewhere) constitute the status quo. As a 
package, these programs provide relatively 
limited Federal irivolyemerit in Ibhg-tef itl 
erriplbymeht change. They principally aim for 
rnaifltehance of income for individual members 
of the labor force who become Unemployed, or 
for empldyment of disadvantaged groups who 
tend to have difficulty obtaining jobs from the 
outset. Also, they allow U.S. a>mpanies to rely 
on quick and massive layoffs (sometimes with 
plant closings) when business declines. Com- 
panies can achieve relatively quick, large-scale 
movements of capital to more productive uses 
by closing unprofitable^ Md building or 
acquiring more productive facilities. However, 

ties to bear niost of the c^sts of economic ad- 
justment. In ^pi^tr^t, compfflries abroad (e.g., 
large Japanese manufacturing firms) tend to 
adjust their work forces more slowly and 
tfirbiigfi a wider range of measureis.^ That con- 
duct involves slower movement of (and poten- 
tially lower returns oh) capital resbm-ees, but 
distributes the adjustment burden more even- 
ly am6ng%ni|)loy^s, managers, and investors. 

Existing Federal labor market progrEuns 
and institutions are ill-equipped to deal with 
long-term shifts in labor demand arising from 
^^hnological and economic changes^ and 
growing uncertainty in skrH requfrements. 
These factors may contribute to ^bwtfi in 
long-term unemfdoyment, ihcludihg extended 
unemployment ambng groups other than the 



"Jaraes A. Grr^ Haruo Shimada, and Atsnshi Seike, '*U.S,- 
Japan Comparative Study of EImpk)ymenC Adjustment," drafts 
U.S. Departmeht of Labor and Japan Ministry of Labor, Nov. 
9, 1982. 



dUsadyantaged. Sinular they are not de: 
4®?i w^^h large regional disparities 
in unemployment. Tills is a^conceni since at 
least the near-term employrnent effects of PA 
will be concentrated re^onedly^ Under the 
status quo, the^mployee would bear most of 
the burden of employment change assbciated 
with PA; various levels.of government bear, 
both directly and ihdif ectly, some of the costs 
bf uhemplbymeht that might bccur. 

Job Gfeatibn 

While retraining prepares a work force for 
transition, job creation assures that people 
have work to do. It is appropriate to consider 
a Federajrole injob creation, because job crea- 
tionj)rograms at the may merely 

sharpen i^nterstate competit^ion for a given 
number of jobs, shifting the location of job op- 
portunities rather thsui generating new jobs 
overall. Since most job openings occur to re- 
place departing persbimel, past and propbsed 
Federal pf bgrams fbr jbb creation aim tb gen- 
erate hew jbbs thett, represent grbwth in eco- 
nomic activity. The pnhcipal prbblerh in 
develbpihg iprbgraih tb stimulate jbb erea- 
tibh is to avoid paying fbr jobs that employers 
wbuld have created anyway, and to avoid 
shifting emplbymeht from one industry tb 
another, either bf which would diminish net 
jbb grbWth.* These prpblerhs have chronically 
plagued past public-i^rvice employment and 
job-creatibh iriceritive programs. 

At the most gaieral level, expansionary 
macroeconomic poBcy—including changes in 
the supply of money, interest rates, and tax 
rates— can lead tb job creation by stimulating 
ecbhbmie activity, altlibugh jbb develbpmeht 
is nbt restricted tb specific industries br 
locales. Also, macrbecbhbmie policies that 
strengthen the dbllfir may make impbrts ef- 
fectively less expensive than dbmestic prod- 
ucts, discouraging grbwth in U.S. prbductibh. 

♦For exaniple, a 5< per galldh Federal surtax on gasblirie was 
enacted Uurgugh Act of 1982 to fund 

a Countercyclical public works pr^am. When the legislation 
was proposed critics charged that the added cost 6f surface 
transportation would result in job losses elsewhere in the ecoh* 
bmy, ihcludihg jobs assbciated with the distribution of goods 
by trucks. 
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At a less geherfiQ level, Congress can foster 
fmd 9ha^ job creation primarily by legislating 
specific measures to stimulate hiring. In ad- 
ditibtfto tax cr(^t prdgtams such as the one 
already in effect, such measures mchide tacen- 
tives for domestic production and,Jn the event 
of persistent labor surpluses, legislation for 
change in average work hours^smd increased 
productidti of so-caUed public goods and serv- 
ices. These measures are discussed below in 
general terms. 

dohgress can stimulate job creation by leg- 
islating financial incentives (of legislating an 
end to disincentives) for companies to produce 
(and buy supplies) within the Unit^ States, 
instead of overseas. The rationale for such m- 
centives is that local production entdls local 
employment. Harrison and Bluestone, for ex- 
ample, estimated that over 30 nnllion jobs 
were lost during the I97d> to plant dbsings 
overall, including the relocation of produetibh 
to overseas IcR^ations. Other mSysts havB^ 
come to similar conduisions.* The risk of such 
-incentives is that they can encourage ineffi- 
cient production practices and lead tb higher^ 
prices by sheltering domestic producers from 
competition from foreign firms. Economic 
theory holds that where domestic production 
is less efficient than prb4uctibn abroad, U.S. 
consumers wiH pay.mbre for domestically pro- 
duced goods; also, they will pay more for for- 
eign-produced gobds_whbse availability is ar?> 
tificiaily depressed. Cbhsequently, producers 
and cbhsumers will have fewer resource avail- 
able to them tb put to other usei. Emplbyment 
may be sheltered in the short term but fore- 
gone in tlie Ibhg term. This argument js fre- 
quently raised economists against import 
restrictions such as tariffs and quotas.* 



•Mary Jane BbUe^' jyant Closings juid Business Relocations," 
CRS Issue Brief IB83152, Sept. 27, 1983. 

*Note_that there may be hohecbriomic arguments for shelter- 
ing a domes^i_c_indu^stry,iJsuaUy, those ^fi^ na- 
tional security— on claims that there is jLoail^^^ 
assurihg domestic kiiowhow and production capability |pr cer- 
tain products, usualt^ mvoKdiig defeis^ The 
test of natipnai interest is Ji difficult oiie to.make, as^iddenced 
by the controversy over recent Houdaille and NMTBA peti- 
tibrtfe- for restrictions on machine tool imports. 



Two t^es of jbthcreation programs ndght 
be considered in the face of persistent labor 
surpluses. The first is legislation to reduce 
average working hours (either tied to FtS A 
or as independent lejgislatmn, perhaps de^ 
signed so that reductions^in work hours are 
triggered by certain economic conditdohs), and 
the s^nd would be legislation stimtilating 
production of so-called public goods and serv- 
, ices. Products like defense or perhaps child- 
' care, for which thore is recogruzedpublic de- 
mand which the private market is ill-suited or 
Unable to meet, fall into this resOm. 

The chief benefit of reducing averagework 
hours is that it would allow a givCT^ouht 
of work to be shared among a jarger group of 
people. The number of jobs available js^a func- 
tion of the (average) number of hours per job, 
as is the amdUiit of feisure time available to 
citizens. The tradeoff tet ween jobs and hours 
is not a new poUcy conc ept; one of the goals 
of FLSA was^to taCTease^S^lbyrnent by dis- 
couraging emplqyCTS^Bom resorting tbtrver- 
time work by requiring them to pay^ more for 
longer hours. Both economic hardship (due to 
low pay' and unemplbyrneht) and techhdldg- 
ical dlspla^ement.,^^(SDh(rerh the 
Depr^sion erf^wheh FLSA was enacted./® 
AnothCT argument, first rais^ during-the late 
197e's, is that reducing work hours offers a 
way to avoid disprc^rtionate job loss among 
female Bnd minority emplc^ees, who often 
have relatively low levels of seniority. 

deducing the average Ytovxs of work is not 
<;^nKessarily the same as "work-sharing/' which 
tends to involve the redistribution of existing 
• work. The difference is impbrtarit in contem- 
plating income effects. A major perceived dis- 
advantageof programs that reduce work hours 
is that individual employees may experience 
real wage losses (see ch. 4). This is especially 
Hkely for wbrk-sharirig. Broader distribution 
of work without growth in total wages will not 
lead tb the same generation of new jobs that 
f can result from growth in wages and spending. 

1^-^ . - ■ 

-J _ >«»IrvingSemstem, The Lean Kears (Boston: Houghtbh Mif- 
flin Co.. 1960): 
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Some pnebple, however, wiH wilKngly trade re- 
duced work-hours and lower pay for increased 
leisure time.** 

Changes in work hours may also cause busi- 
nesses to incur additionai costs for changing 
their operations and procedures to deal with 
greater numbers of personnel and for increased 
spending on ftdhge benefits. Firms may also 
lose efficiency, jf^he workers '^picked up" 
through work-sharing are not appropriately 
qualified.* On the other hand, companies may 
face lo^er Ui tax HabiUtira,^hich often rise 
for compames that lay off personnel. Also, 
work-sharing maj^ encourage greater reduc- 
tions in force where there are admimstrative 
benefits to doing so. For exaonple, wifiile a 10- 
percent cutback might satisfy a company's fi- 
nancial heeds, a 2G-pefceht reduction tied to 
a move to a 4-day work week may be easier 
to administer. 

The actual costs and benefits of reducing 
work hours depend on how a program is struc- 
tured— how funded, how phased in, etc. The 
current UI system^ for example, implies that 
Kgfier w^e persj)nnel would lose more than 
lower wage personnel because Ui replaces less 
of their wages. Also, the experience-ratS^ sys- 
terti, under which employers with worse rat- 
ings bear more of the cost bf UI than others, 
implies that low-rated employers might effec- 
tively shift their wbrk-shaiihg costs to higher 
cost firms. . ' ^ 

Aire/dy, several States have provided for 
temporarV^l^ductions in'jwork hours^ a.s a 
means of) preserving ^nempk^ment during 
slack periods. These programs typically in- 
volve a reduction in work week for participat- 
ing companies and pro-fated UI benefits for 
nonworked days. W^le employees in declin- 
ihg industries arid areas riiay benefit in tbe 
short terrii, loriger terrii gains wotild require 
a program with broad coverage that cbuldhelp 
shift people into stronger iridustries. This, iri 

- "*'20 MUlibh Opt for Shorter Work We«k," EmpTdyrhehl and 
Trmnlng Reporter, Nov. IB, 1983. 

* H o weyer L u nqudifie*! workers m ay .bejess _a bje tg_benef it 
from or afford work*aharing, insofar as employers resist hir 
ing them, or becaase the fuU time wago» for their work are 
already low. 



turn, would Bjplft adjustmrat costs to a brqai 
er range c^lndustries mid^ndivi^uals and 
away froni communities and governments^ For 
even distribution of costs and benefits, a na- 
tionwide, Federal pro-am may be necessa^. 
In the near term. Congress migh t at least con- 
sider ftirther ericburagemerit of tempbraffy 
hburs-reductibris arid work-sftaririg, includtrig 
faeilitatirig riecessary adjustriierits iri UI and 
other prbj^mris to allow for altered terriis of 
urieriiplbyrrierit. 

Stimulating production of so-called public 
goods and services would also create jobs. It 
is not a make^work option: The production of 
public g ood s and services does not have to be 
met by e^anded public sector ejnjDloyme^^ 
as in the case of defense procuremmt^ public 
irivestment can stimulate private sector em- 
plb5nrrierit. Jf the economy is incapable of employ- 
ing available labor resources iri the production 
of pnvate goods and services— a coriditibri 
that has riot yet beeri established cbriclusive- 
ly— it is possible to iricfease prbductibri of; 
public gbbds without reducing prbduetiori of 
private goods. As emplbyriierit grows, deriaarid 
for private goods riiay ^bw iri turrit shiftirig 
the balance between prbductibri of private arid 
public goods arid services. An often urirecpg- 
liized advantage is that public goods spending 
may raise productivity in private gdbds pro- 
duction. For example, highway building arid 
improvement can lower trucking costs and 
thereby reduce costs to the consumer, while 
child-care services can free-up parentj for emp- 
loyment (as well as lower transfer payments 
for unemployed, child-rearing parents). 

The principal disadvantage of public goods 
programs historically has been the risk of 
diverting productive resources from private 
goods production. This charge has been lev- 
eled against defense jJrograms^ for e^ 
which sujppqrt a handftd of industries cmd tend 
to employ relatiyedy Wgh-skill per^soimel. It 
was jalsq^ raised during the 1982 debate over 
funding public w^rks projects with an increase 

.•y udlth Cummmgs, ••Novel Ways Being Used to Save Jobs,. 
ThB New York fimoa, Jaxi. 28, ''>^3. Also, noted abovei 
TBFEA mandated stady of work taring by the Department 
of Labor. 



384 . Computerized J^mjte^^^ Autom ati6n; Employment. Educatm. and We Workplace 



in tfie Federal gasoline tax, which was ex- 
pected to reduce economic activity among a 
broad range of concerns depending on truck 
tf ahspdrtatibn and other heavy users of gaso- 
Khe. 

Labbr-Market Information 

jBecause progrfiunrhable automation offers 
the prospect of radical arid ongoing changes 
in the depjoyment of labor, expanded collec- 
tion and analysis of occupational emijloyment 
data would provide a riieaiis of measuring the 
rate, extent, arid dir^tidn of change within 
and between occupatidrial groups. At present, 
it is not possible to cbriipare detailed occupa- 
tional data over short periods of time (^., 1 
to 3 years!. Also, official analyses of the effects 
of technology change on employment levels 
and staffing patterns are few and far between. 
Better data collection by the Department of 
fcabor and the Bureau of the Census would im- 
prove the riiddeling exercises (using iriput-out^ 
put arialysis) already undertaken by those 
Federal agencies to describe and forecast em- 
ployment trends, and it would improve the in- 
fbrriiatibri disseminated to educators, counsel- 
brs, arid individuals by the Department^of 
Labbr through the Occupational Outlook Pro- 
gram and the Dictionary of Occupational 
Titles. It would also provide data fbf measur- 
irig **best practice'' among firms in deploying 
labor, information that wbUld be useful to 
managers, labor organizatibris, arid educators. 

As Federal statistics prograuns have been 
cut back during the past few years^ debate 
over the appropriate Federfl role in the gather- 
ing arid disseminatbg of varicRis foriris of data 
has grbwn. The minimaists hbW that Federal 
effbrts should be confined to riieetirig the spe- 
cific needs andpriorities of gbverriment agen- 
cies, their arguments are rooted in brqader 
interests in deregulatibri_arid reducing govern- 
ment paperwork required of businesses. Sup- 
porters, by contrast, argue that agency needs 
and priorities change arid are hard to predict 
or circumscribe; that private spurcra lactthe 
wherewithal and authority of the Federd Sov- 
erhmeht for collecting data; that there la a 
need for statistics that describe overafi social 



arid economic conditibha acrbss the Nation; 
arid that there is a need for the Federal_Gpv- 
emment to provideatizeris with iriformatiqn. 
Limited funding for Federal statistics pro- 
grams forces Federal agencies to channel re- 
sources to those activities of most immediate 
u»B b^the Goverhmeht, such as statistics^e- 
scribing overall erhplbyment and econorrac 
performance characteristics. This practice 
serves short-terrh irifbrmation needs, but 
raises questibhs abbUt the effectiveness of 
even the favored prbgfariis in the long term, 
because the most-Used aggregate statistics de- 
pend on more detailed data-gathering, analy- 
sis, and modeling. 

Adjustment Assistance (Excluding Training) 

F^blic attention to Federal activity in ad- 
justment assistance is growing becaui^ many 
States are^ffected; States are competing for 
jobs; and gromng numbers bf potentially af^ 
fected workers are hot cbvered by coUective 
bargaining. Because thbse displaced by pro- 
grammable autbmatibri af e likely to have been 
at risk of displaceriierit frbm other factors such 
as rising imports, expansion of ovorseas pro- 
duction, and plant clbsirigs generally^ ray Fed- 
eral prdgrarri bf adjustment assistance would 
best be provided as part oj a broader program 
to assist the Ibng-term displaced; as experience 
with the Trade Adjustment Assistance pro- 
gram shows, it is difficultin practice to isolate 
single causes of displacement for determining 
eligibility for program participation.* 



'ip^el Melnick, ''RaMnt Changeain the eoordinaUon of Fed- 
eral Statistical Data CoUectibh.,'* CSngrtssidnal Research Serv- 
ice, Sept. 15, 1982. - 

♦A broad range of options for adjustment assistance pro- 
greans has been evaluated in detail in recent publications by 
CBO. including "Dislocated Wdrlcers: issues and Federal Op- 
tions'* (July 19821. As noted by CBO. a critical problem m struc- 
turing adjustment assistance programs is dofim^ 
group. How eligibility for assistimce. is_ defined dotermmes 
whether a program covers all categories of affected personnel 
{"vertical equity") and/or all people affected within categariQs 
("horizontal equity"). Different criteria have-diffocentjmphca- 
tions for client base size, cost, and coverage ^ l^P}^ with vsy- 
ing capabilities for adjusting on their Qwn. Table 74 shows the 
CBO comparison bf different approaches to targe_tin_g adjust- 
ment assistance. Among the categories discussed in debates 
over programs (excluding retraining) for displaced workers jnr 
elude older workers (ago 40_and oRer), workors m ao«cal 
dqclining industries, and workers in diaodvantaged areas (in- 
cluding new entrants to the labor force). 
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Table 75.— Sensitivity of Estimated Numbers of Dlslqcated Wbrke^^^ 1983 to Alternative Eilghjiity 

Standards and Economic Assumptions 



Eligibility criteria 



Single criteria: 

Declining Industry^ 

MuWpTe crirerTa: 

PepJlnina Inf^ystry and other unemployed in declining area® ..... 

Peclinjn^ occ_upation^._._. .^^ . ._. - 

Ten years or more of job tenure .'T • • - 

More than 45 years of ^ge 

More than 26 weeks of uhemploymeht ^. 

Decljnlni jndjjstry^ and ten years of job tenure 

45 or^more years, of age 

26 weeks of unemployment i| ...... . 

Declining industry including other Unemployed in. declining areas® 

_ and. ten years of J d b t e h u re 

45 or more year_s_p_f age^ ^ ^ . . . . ^ 

26 weeks of unemployment 

Peclinjn^ occy^tjpn and Men years of job tenure 

45 or more years of age 

2§ jiveeks of unemployment: 



Number of workers 


High trerid^ 


Middle trend^ 


Low trehd"^ 


1,065 


880 


835 


2,165 


1.785 


1,700 


1,360 


1,150 


1,095 


835 


710 


675 


1,050 


890 


845 


760 


560 


535 


275 


225 


215 


250 


205 


195 


145 


110 


100 


430 


355 


340 


490 


395 


375 


330 


255 


245 


235 


195 


185 


335 


280 


265 


165 


120 


105 



^HiQh trend assumes conlinuatlon of March 1960 to December 1982 growth rales In the nurnber^of unemployed workers in each category. Specifically, the rturriBer 

-of workers unempibyed from declining Industries Increased by 32 percent In this period— j roorithJy Average, of. i:_4 percent. 

t>the middle- Uehd assumes that the riurtiberJoldlalocated_w6/kerA wJJiJ^malnjiQnatan .to.January im jhe nurnber of dislocated workers In 

December 1981 i.s estimated by adjusting March l980_Currenl Population totals for changes In the level and composition of unemployment through Decerpber 1981, 
Cyhe lovy trendy assurnes that the nurnber of dislocated workers In each cajegory-decreases prdpdrllbriatelyLWIth the projected change In the aggregate number of 

-unemployed workers between the first quarter of 1982 arid the llrsi quarter of 1983, Jijfiducll6/i_of_nBa!J>L5Lpercent._ 

^^The declltUhg industry category inciudeaJU iObJoseraJrom.lnduslrle.s wjlhjiacllninaemploy.me^ 19?8 »0_1980. See Marc Bendlck. Jr.. and Judith RadllnskI 

DeVine. "Workers Dislocated b_y_Econom]c_Chanoe; Is There A Need for Federal Employment arid Training Assistance?" 
«lf a declining Industry was located In an area defined as decUning, all other job losers iri the area Were lrxruded: Decilrilrig areas are defined as those experiencing 

declines In population from 1970 to i960 or wJlh Jn B:5_or_Wgtiet percerit_uriemployniaril_ratfl_ln_M_arih_ iQiBO.. 

^The decHriirig occupation category Includes all Job losers from occupations with decllnino employment levels from 1977 to 1980. 

SOURCE; Congressionai Budget iOfflce. based on tabulatibris from the March 1980 Currerit Pdpulatidri Survey and other sources noted above. 



While the debate over aid to displaced work- 
ers overall tends to focus on external aid, such 
as income mmntena^ or 
ance, the spread of jirograiimiable automation 
raises guestions about the role ofemployers 
in the adjustmeiit process. iVo employer ac- 
tions in particulfff nught be encoura^d by leg- 
islation. The first is advance notice of tech- 
nolo^cal change and displacement, johd the 
second is incentives for replacement of person- 
nel by employers. 

Advance notice of technological change 
allows workers to plan for change, evaluate 
training n^ds^ and seek^new work beforei re- 
duction in force jsj^t mto effect. Jt also aHpws 
management, communities^ and labor to work 
together to ease^ J;he adjustment process. 
Neverthdess, compamcss often resist provid- 
ing advancejnbti^ as ah extehsibh of the view 
that tecfciblogical change is a management 
prerogative. The UhiviBrsity of South Florida, 
for exarhple, reports that its robotics experts 



have been asked tb^perform robot feasibility 
studies with the proviso that *_*uhder no cir- 
cumstances are employees to find but;"V'* A 
disadvantagebbrhe by companies is that key 
personnel will often be the first to leave, 
possibly putting futiu-e operations in jebpfiu-dy. 
Tins ebneerh has been a central argument in 
opposition to plant-closing legislation and to 
voluhtary resigriatibh (buy-but) programs. 

Encouraging en:4)lc^e^ through financial in- 
centives to re-place personnel either within, or 
outside bf the firm is another option. This op- 
tion, like job creation, increases the ad^^ 
ment burden on companies relative to employ- 
ees, communities, and local labor msffkets^ It 
may stimulate coop^ratiye activities among 
industry, local govenunrat, educatbrs,^ and 
labor, perhaps building oh efforts associated 
with the Jobs TVaining Partnership Act. Oh 
the other hand, it is primanly feasible for large 



'<"USF Erigiheers Extondihg^Hdbdt8' Limited Capabilities," 
Sue Streminel, Oracle, June 15, 1983. 
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employers, espedaUy those with multiple fa- 
cilities, broad product Hhes, and adequate 
training facilities and funds. 

Existing Federal Work 
Environmejttt Policies 

The Federal Government already has poli- 
cies that refglate the work envirbninent, such 
as legislation covering wages and hours and 
occupational safety and health. These same 
policies \^ apply to the ihtrodiictidn and use 
of PA in manufacturing, although they may 
not be adequate to meet new concerns. 

Legislation ^ ' 

The principal safety statute relevant tb_ prb- 
grammabie automation is the GLccupat^bnal 
Safety and Health Act of 197D. It has as its 
purpose to **assure sb^far as pbssible .every 
working man and woman in the nation safe 
and healthful^ working cbhditibns and to pre- 
serve our human resburces.- ' Under the provi- 
sions of the act. the Department of Labor is 
r^ponsible for prbrnulgatiiigand enforcing <x:- 
cupational safety and health standards. The 
Occupational Safety and Heldth Adbministra: 
tion (6SH A) was formed in April 1971 within 
the Depfutrnent of Labor to impl^ent the 
©SH Act. Additional legislation addresses 
worker safetyjh mining and atomic power en- 
vironments. Traditionally, safety and health 
cbncerns in the workplace centered mmnly on 
safety and pfdtection from the most obvious 
expbsures to toxic chemicals^md 
gerbus substances. More recently, greater em- 
phasis has been placed upon occupatibnal 
health, long-tenn exposure jprbblems, job 
stress, and toxicological problems.^* 

Qtiter laws focus on how employees md 
management may address work environment 
concerns. The National Labor Relations.Act 
(NLRA) was passed in 1935 to encoura^^^ 
practice of collective bargaining. The act was 
amended in 1947 (taft-Hartl^ Act) and again 
in 1959 (Landrum-Griffin Act). Hie NLRA and 

"Steven Deutsche ''Extending Workplace Dem^^^ 
' gles to Come in Job Safety snd Health," Labor Studies Jour- 
naJ, vol. 6, No. 1, Spring 1981, p:? 



its regulations goveriiihe induct of qdllec- 
tive bargaining in the Unit^ States. With re- 
spect to the intrbduetibh of new t«:hnoldgy, 
rulings to date by NLRB sugpst that it is bar- 
gainable if the techhblbgy deprives employees 
of jobs, work bpFk)rtiimties, or otherwise 
causes a real chan^ in working conditions/* 
Thus, the intrbductibn of new technology may 
be treated similarly to decisddns on whether 
to contract but work. Since the collective bar- 
gaining process dira:tlybene^ 
in unibniz^ settings, these protections m^^ 
be laclang for workers in ironunion plants^ The 
isstie of coverage is important b«ause, S^ 
though unibnizatidn is relatively high in the 
metalwbrking industries, the use of program- 
mable automatidn is increasingin a broad raa 
bf industries. With current estimates of unibh 
membership in the United States tbtaKng be- 
tween 20 and 25 percent of aH woiteers 
there is a large segnKint of the poptflatibn th at 
will ndt be protected by the process bf cbllec- 
tive bargaining. 

The Department of Labdf administers pro- 
grams to encourage labdr-management^oop- 
ef atioh on a huinber of ismies. Tliesejprojgram 
take place in union and nonuniOT setto^. Pro- 
visibns are sdmetimes made in contracts ibr 
jbiht labbr^management safety commtt€«3th^^^ 
meet periodically to discuss safetyj)rol)lem^ 
to wbrk but solutions, and to impfenent safety 
prdgrams in the plmt." Insofar as labbr 
drganizations or workers perceive technblb^ 
as a health issue Je^g., if^ there is si^^ 
evidence to su^^t that new ftrms bf mMhine 
mdnitoring and pacing of wbrk are unhealthy) 
labor representatives may push for measures 
to protect woiicers against such hazards. 

Other Programs 

The Department of Health and ^ Human 
Services, through the fJational Institute for 
bccupationaT Safety and Health (NIOSH), is 

'*SeeAutomW6nwadl^ Sduca- 
Uon,_aDd_TieMnjg: Issues JWashiiigtbn, DCiIJ;S: Congress. Of- 
fice of technology Assessment, OTA-TM-CIT-25, March 1983), 
p: 65. - - -j 

^^Charactensttas of Ma;or Collective Bargaining Agreements, 

Jan. 1, 1980. 
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respbhsible for recommehdihg new standards, 
conducting researcH dh which hew standards 
can be based, and ijrxiplerhehtihg education and 
training programs for producing ah adequate 
supply of manpower to cany but the purposes 
of the act. In addition to Federal involvement 
in the protection of workplace safety and 
health, there are agencies responsible at both 
the State and local levels as well. 



Options for Work Environment Policy 

Gongressional policy cqMiderations with re- 
spect to the effects of prcyg^ammable auto- 
mation oh the work environment fall largely 
in two areas. One is assuring that^ufficient 
data are available to mdce jnformed judg- 
ments about current or prospwective impacts 
of PA on worker^ and the wo^place. The sec- 
ond area is determihihg wfether cuSent pbHcy 
is sufficient to cover the health and safety 
aspects of the hew technology. If Congress 
decides to act in these areas, options that war- 
rant consideration include: maihtainihg the 
status quo, monitoring the workplace effects 
of PA more closely, increasing support for 
social impacts research, supporting new work- 
place standards, and cdnsideiiilg broader 
workplace legislation. 

No Increased Federal Role 

Congress could choose to take no additibhal 
action on the workplace effects bf PA. Al- 
though no single poliig^ instrument specifically 
addresses the impacts of PA on the work envi- 
ronment, various m^haiiisms (including col- 
lective bargaining, OSHA regulations, and 
others) are already in place at the Federal, 
State^juid^ local lev^jsthat-ccxyerjw 
concerns in general, particularly in the areas 
bf health and safety, in addition, PA is being 
introduced at a^time when there is increasing 
awareness bf and sensitivity to the effects of 
the introduct^^^ bf hew teehhcflbgy in aH facets 
bf Ahiericah life. 

There are some efforts in both the public and 
private sectors to plan for the workplace con- 
sequences of new technology, sometimes in- 



volvihg both mmagemrat an Such 
cbbpbrative efforts me often tied to broads 
qu^ty of work fife pro^mns and increased 
wbrkCT participation in decisions that affect 
their worlqplace. Two ex£^^les of joint efforts 
include sdrangements betwa^ AT&T and the 
Gbmmuiucatibhs Workers of America, and be- 
tween the United Auto Workers and Ford 
Mbtbr Cb. Such^r^ams are often restricted, 
Hbwever, tb large, iinibnized ebrhpahies. Sim- 
ilar oppbrtuhities; may hbt be available tS" 
workers in small shbps or hbhunibnized envi- 
ronments, primarily due to the requiremehfcs- 
fdr associated time^ effbrt, and cost . In addi- 
tion, it is often the case that the traditibhal, 
adversarial posttires of management and la- 
bor limit increases in cooperation aiid worker 
participation in decisions cdnceniing increased 
automation. Concern for the displacement efr 
feints of PA may make employees reluctant tb 
contribute to planning for PA. 

The principal advantage bf maintaiiiihg the 
status quo rather than initiating additibhcU 
policy at this time is that <xihgressibhal actibh 
on the workplace effects bf PA may be prema- 
ture. The technology and its applications are 
at an early stage of development, and the 
speed of its diffus^^^^ is uncertain. It is also 
^fficult to jmow how many of the problems 
encountered in the workplace are transitional 
ones characteristic of any technologicai 
change^ Conseque^ntly, thjare is a ladk of data 
on the nature of^e inipju:tsj)f PA, e^specially 
over the long term. The infcM-mation that exists 
is largSy qualitative or anecdotal and often 
cahhbt be generalized for industry- or sector- 
wide respbhses. 

Reliable information is critical if the OSli* 
Act is to serve for PA-related 

work environment policy. The OSH Act is an 
ehfbrcaixent statute jvhlch is^ implemented 
throng investigations and measurements. 
While physical safety and he^th conditions 
tend to be relatively easy to measure objec- _ 
tively - psychblbgiefia cbhffitiohs Se often less 
sb. Brbadehihg the scbpe of investigations 
wbuld require additibh^ ihvestigatbr. skills 
and procedures for which data bh PA impacts 
would provide a foundatibh. 
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Additional Government action beyond the 
atatus quo could create mechanisms to collect 
data that would allow a more careful evalua- 
tion of the impacts of PA on the work environ- 
meht, thereby permitting better planmng to 
eliminate potentially serious problems^. Both 
reUable data and better planning would con- 
tribute to a more focused^evelppment of pol- 
icy initiatives over liine, as appropriate. With- 
out such Federal action, information on PA 
arid the work environment will continue to be 
piecemeal and ffagmehta^, and anecdotal 
rather thmi quantitative. If Use of the tech- 
nology spreads more rapidly than expected, 
the United States may find itself jeactmg 
to the workplace effects of PA, rather than 
planning in advance to address its potential 
impacts. 

increase Oversight and Monitoring 

Congress could increase the emphasis placed 
on the workolaceeffects of computerized rn^- 
Ufacturing automation through its oversight 
and monitoring activities. Considerable atten- 
tion has been ^ven to these issues by a nurn- 
ber of congressiona edrrirmttees ov^ the j)ast 
several years, particularly in oversight hem-- 
ings. For. example, in September 1981. the 
Subcommittee on Science, Research, md Tech- 
nology of tJie House Committee on Science 
Emd Technology sponsored a series of hearmgs 
on **The Hurnan Factor in Innovation and Pro- 
ductivity ''which focused on new technology 
in the workplace.* 



This type of activity iricreases the visrt 
of thesubject and provides a public forurn for 
information-sharirig and presentation of di- 
verse viewpdirits. In addition to its own over- 
sight activities, Congress could designate re- 
sponsibilities for OSHA and NK)SH, such as 
monitbrihg and assessing the effects of PA on 
the work erivirdnment or evaluating the apph- 
cabiUty of existing OSHA standards to com- 
puterized settings. 

The advantage of this option is thatltwould 
provide a Federal approach to monitoring and 

^~*The Concessional Research Sej^Jcepri^uc^ 
print analyzing the testimony and discussion. ^ 



assessing the impacts of PA on workers in^ 
types of manufacturing settings— uruorased 
and nonuiaonized, large arid small Jn addition, 
it would help to assure that Congress is kept 
aware of the most current thinking with re- 
spect to the impacts of P A on the work force. 
The prirLcipal disadvantage is that it^ebuld 
potentially resiilt in a pi^erneal effort with^Ut- 
tle or no coordination of activities or sharing 
of information. Thus, designation of author- 
ity, participation criteria, and accountability 
wokld be necessary in the desigri of an over- 
sight and monitoring initiative. 

Increase Suppprt for Work 
Envirbntnent Research 

Work environment ramificatioris of the use 
of PA are central to both its effectiveness and 
its other impacts. Congress could support r^ 
search addressing such areas as the longhand 
short-term physical and psychological effects 
of PA, management strategies and policies m 
introducing and using PA, worker participa- 
tion, identification of hazards and how to 
control them, skill changes, changes m work 
content and or^uaization, and changes or- 
gaiiizational structure, among others. Wide 
dissemination of the results would improve the 
general level of understanding of practical 
ways in which PA technologies can be used 
to enhance the work envirbnrnent. Research 
efforts could also lead to the development of 
models or^guideKnes for installations with fa- 
vorable effects on the work envirdnmentjvluch 
could be used by those who are contemplating 
or making changes. Demonstration projects, 
seminars, and experiments would enhance 
understanding of the ^effects of PA rad the 
extent to which it can be shaped to improve 
the work environrnerit.* Congress also could 
assure that all parties involved— managers, 
employees, educators, and equipment build- 
ers— would have timely access to relevant in- 
formation. : 



♦Topics covered might include suj:cessM"nP>e™_^'L^»^'^^^^ 
fbrts {and the other side of the coin-those that were not suc^ 
cessfui aiid why), innovative ways to organize work, and suc- 
cessful iabor-management cooperative efforts. 
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Current research ihttf Ehe impacts of PA oh 
the mahufa-^turihg work ehv^oilmeht is mod- 
est tn scope and support; funds for this pur- 
pose have been extremely limited. This situ- 
ation has arisen in part because social science 
research fundih^is particularly vulnerable to 
reduction when funds are scarce. It has also 
arisen because work ehvirdnrneht issues have 
traditibhally not b^h major concerns to tech- 
hblbgy developers, ihdustiy, or even the social 
science research cprrimUilities. Relevant re- 
search cdhducted by industry, universities, 
uniohs, and Government agencies is often 
piecemeal and short term. Human factors re- 
search, for example, is often narrowly defined 
to meet the performance needs of sp^ 
itary (or industry) projects. Not surprisingly, 
therefore, there is no fornialj:oordihatibn bf 
technology and work envkonment researcli ef- 
forts, nor evidence of a coherent plan or ap- 
proach. By contrast, study j)f the in^^^^ 
new technology on the wbricplace is rhbre cbrh- 
mon in Japmi an^ Western Europe, where the 
subject has historically mbre atten- 

tion across sectors. In particiflar, many foreign 
countrjes combine work environment analysis 
with engineering research. Tb learn from their 
efforts and experience. Congress CQuld direct 
an agency such as the Department of Labor 
to both survey relevant foreign activities and, 
in particular, tb translate and disseminate 
foreign repbrts. However, recent cutl3acks 
have already af^ted relevant research activ- 
ities in the Employ merit and TVaining Admin- 
istratibh and elsewhere in the Department of 
Labor. 

Additional or_ redirected funding cdUld be 
made available fbr activities adnunistered^b 
the National Science Fouhdatiori, NIOSH, the 
Department of Lalk)r, or POD to enable re- 
searchers to conduct both qualitative and 
quantitative research to determine the extent 
bf the impacts of PA on the workplace. NSP 
would be in a position to extend the scope of 
relevant engineering research to include the 
social aspects of PA. It already funds separ- 
ately relevant social science research. NIQSH 
could provide a perspective that would link 
and compare the safety and health aspects bf 
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PA to other occupational stfety and_ health 
issues. The Department bf Labor jvbuld be in 
a position to link the impacts bf PA to other 
labor issues. DGD has already looked at some 
human factors issues in their MariTech pro- 
^am. In addition to individual agency efforts, 
increased interagency ebbrdihatibh of research 
efforts would have the advantage of combin- 
ing the expertise bf a variety of disciplines, 
e:g., engineering, sbciolbgy, and mahagemeht. 

In cdntemplatinjf the Pe^^ 
et. Congress may want to assure that work 
environment research, in Iparticular, involves 
industry, labor, mid academia together. Cbbp- 
erative efforts provide academie researchers 
with access to a vateable source of data for 
analysis oHong-term effecta, while industry 
and labor may benefit directly from the find: 
ingsjn^he short and Ibng terms. Cooperative 
programs for research carried out over a period 
of time rather than accbmpUshed in a bhe^time 
visit would be particularly informative to pol- 
icymakers. Such research might be supported 
by any bf the agencies listed above. 

Cfhe disadvantage of increased Rinding for 
scKiial impact research is the potential burden 
it might place on cqmpaiues and indiYidusd 
to respond to requests^for in-depth studies. 
Some strategy for securaig the ccMDperatibh bf 
both labor and management would be heeded 
to minimize potential burdens. The participa- 
tion of professional and trade assbciatibhs as 
well as labor organizatibhs in the planhirig arid, 
execution of such research could help in byer- 
coming some bf the difficulties that riiight 
arise in gaining access tb research sites. 

New Standards 

Both the framework and the mandate exisV 
in the QSH Act for safeguarding bceupatibnal 
safety and health of Americans. If it were es- 
tablished that PA creates hew bccupatiohal 
safety said itealth hazards that, were riot ade-- 
quately addressed by mariufactUrers arid 
users, new OSHA standards riiight be required. 
The previbus two bptidris, moriitdririg arid ad- 
ditibhal research, are prerequisites to this ojp: 
tibri. Reliable irif ormatidri would be needed on 
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the numbers of people at risk, on the nature 
of the risks, and on the costs of estabHsfiing 
new regulations. 

Advance Notice 

Cbhgress may wish to propose legislation 
that would require emplc^ers to give advance 
nbtic^ of any techndlbgical change that will af- 
fect the working cbnditidns of its employees. 
A number of union contracts include a clause 
covering such notice, and such clauses are be^ 
coming more conimon. I^^slation wo^^^ 
cially benefit and protect employees of firms 
that are not unionized. Advance noiSre can 
benefit employee by providing time for theiii 
to plan for the change (possibly in cooperation 
with employers^ rannnumties, and educatbrsj 
and to update their sfciHs if requiredj it pr^ 
vides employees with the means ihd the re- 
sponsibility to plan for change. It also pfd- 
vides the bppbrtunity fbr employees to 
participate in sbme bf the dedsibnmaking that 
directly affects their wbrk, if employers wish 
to involl^ertheiiriirthis w advanced 
notice bf technblc^cal change might be as con- 
troversial as advance notice of plant closings, 
the pbtehtial costs for workers and managers 
would likely be smaller. (See above discussion 
under emplbymeht policy.) 

bmnibus Work Environment Legislation 

Although the United States already has a 
statutory framewbrk fbr protecting occupa- 
tional safety and health, other aspects of the 
introductibh of hew technology in the wqrkj- 
place, such as thpfwtential for momtorin^ 
surveiUcmce and the need for advance notice 
bf technological change, suggest the desirabil- 
ity bf taking a broader approach to work enyi- 
rbnmeht policy. In additipn, a broa^^ 
prdach would ensiire tliat the interests of all 
workers would be protected, given the limited 
coverage of collective bctrgaining. 

A number bf European cduntries have taken 
ah bmhibus approach to wdrkplace jroncerns. 
Ih Nbrway and Sweden, for instance, work 
eh\drbhmeht legislation has_ bee 
since 1977, One of the purposes of this legis- 
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latibh ia tb protect workers' mental as well as 
physical health in the workplace, particulariy 
ih the context bf technology change, and to 
give emplc^ees an c|:^rtunity tb influcaire the 
design bf the work environment. Such legisla- 
tibn elevates these concerns to policy levels, 
and prbVides a framework for more concrete 
actions, such as those described bdow. 

Ah American apprb^ich tb legislatibh has 
been proposed by the Ihterhatibhal Associa- 
tion of Haehihists, which has drafted a Tech- 
hblbgy Bill bf Rights tb **arhehd and redefine 
official labor policy" (see table 52)^^ In addi- 
tibh tb advbcatihg the use bf hew technology 
tb prbmbte full emjplbymeht, this proposed 
measiure includes such work environment safe- 
guards as prbhibiting mdnitpring and suryeil- 
lahce df wdrkers, advance notice of technolog- 
ical change, and requirements for traimng. The 
T^hndldgy Bill df Rights has b^ made ayml- 
able by I AM to locsd umqns for guidmce in 
cdUective bargaining. Beaause of its breadth, 
however, if such^a Bill of Ri^ts were ^acted 
as an amCTidment to U.S. labor laws, enforce- 
ment would be difficult. 

Workplace legislatibh cduid establish a clear 
ihstitutibhal focus fdr wdrk emyironment con^ 
cerhs td enhance the general appreciation of 
thes^ issues and their contribution to the econ- 
dmy and society. One example of^sucfcm in- 
stitution is the Swedish Work Enw 
Fund, whic^h proy^^ and 
development in the woi^ environment^ adr 
dressing aspects qf^both physical and mehtal 
he^th. Itejunctibh is to collect and dissem- 
inate information, and to cbbrdihate relevaht 
program efforts. Finanaal support is prbvided 
by a variety bf sources, including the gbyerfl- 
meht, employers, and workers^ Such an ihsti- 
tutibh might be cbhsidered for the United 
States, which jpresehtly has bhly limited in- 
stitutibhal ihvblvemeht ih the work envirdn- 

iheht area, cbhcehtrated dn protection of phys — 

ical health and safety. 

The principal advantage bf ah ihstitutibh bf 
this kind is that it provides a cbbrdihated 



""Let's Rebuild America," lAM, p. 195. 
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f ck:us for workplace^^ jcad it estaBHshes 

the workplace as an area^of national concern. 
It would help to overcome much of the frag- 
mentation of workplace research efforts cur- 
rently evident in tiie United States by providing 
a cejitral^ thrust and source for disserhihatioh 
of information, denaohstratibh projects, etc. 

Existing Federal Education, Training, 
and Retraining Policy 

At present, instruction for PA is funded 
through a variety of public and private sources, 
Federal fuhdirig of education, training, and 
retrfuhing efforts of this type is authorized 
under broad legislation designed to ^courage 
career awareness and occupation-related in- 
struction oh the elementaiy, secondary, and 
pbstsecohdary levels. 

The Federal role in education has tradition- 
ally been that of supplementing or ehhaneihg 
State and local activities. However, in recent 
years, there has been i movement toward less- 
ening direct Federal invblvemeht with the 
establishment of educational block grants to 
States in place of categorical grants targeted 
for use with particular population groups or 
in specific tjrpes of programs. In spite of this 
trend, there are still many Federal laws that 
influence curriculum content and overall op- 
erations of local school systems and institu- 
tions of higher learning. 

In contrast, the Federal role in training and 
retraining efforts— particularly for the ec<^ 
nomicSly disadvihtaged— has been a dbmi- 
nant force sineethel960's. The enactment of 
theManpk)wer Devdbpment and Training Act 
(MDTA) and the establishment of a nation- 
wide apprenticeship system did much to en- 
hance the existing deliveiy system for train- 
ing and retraiiung. In k^ping with the trend 
toward decehtf alSiation, the recently enacted 
Job Training Partnership Act (Public Law 97- 
300) assigns responsibility for administra 
and regulation of federally ftmded ta-aining and 
retraining activities to the States. 

For the purposes of this rejx)rt, this section 
will briefly d^uss in geheril terms selected 



Federal laws and proposed legislation that are 
present or potential sources of support for PA 
instructional programs. 

Legislation ^ 

Elem&i tary, SeoDhdary, and Vocational Ed- 
uca^on. --The Education Gdnsblidatidn and 
Improvement Act of 1981 (ECLA) called for 
the creation of a block grant to States in lieu 
of over 40 separate categorical grants to 
elementary and secondary schools, many of 
which w€a"e directed at sp^ial populations 
such is the handicapped arid the a:dhomically 
disadvantaged. The intent of ECI A is to af- 
ford greater flexibility to State agencies and 
lcK:al school system in how Federal funds will 
be utilized in support of State and local pri- 
orities. The major criticism of the Educational 
Blcxrk Grarit I^ogram is that numerous State 
and local educational :Jriorities must compete 
for the same funding pool. Funddng authorized 
under the*Vocational Educ»tion_Act of 196^^^ 
legislation now being consid^ed for rrauthor- 
izatidn b^ond 1984--rgpresOTts approS^ 
ly id percerit of the resources. State mid local 
^ucation agendes de^gnate funds for second- 
ary "and postsecondary vocational education 
md Sfidning-^* 5\m avaHable under the 

act are utilized by a veiriety of institutions, in- 
cluding vdcatibnal/teehriical schools operatal 
by locS school systenas, State-operat^ %ills 
centers, and edmmunity colleges. Among the 
typical expenditures aUbwable itnder State- 
adminiBtered vocationiQ educatiori programs 
are facilities rnmteriance and improvement, 
equipment purchase, and ciirrictdum devel- 
opment, i 

^steecradazy BducabOT.—Tfie HigfiCT 
u^tion Act of 1968 authorizes Fedea-al funds 
for use by public aaoA private colleges and uni- 
versities to supjpleii^nt tuitiori proceeds, State 
funds, arid private donations or eridowmerits. 
Allowable expenditures under the act include 
facilities maintenance and iinprbvemerit. 



'•Daniel M. Saks^ ''Jobs and Trainings" Setyjis Nat/pjiai 
PnonUes: The-t984 Budget (Washington, DC: The Brookings 
Ihstitutibh, 1983), p. 165. 
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equipment acquisition, and curnculurri devel- 
opment. 

Since the 1960's, the Federal Government 
has operated Student Financial Assistance 
Prbgrams— artibng them the Guaranteed Stu- 
dent Loan F^dgram (GSL) and thePdl Grants. 
The original intent of these prq^anas was to 
provide broader access to WgherjwfacaM 
individuals from low- and middle-incbme fam- 
ilies. Hdweyer, inar^^^efcmlt rates jmd con- 
cern for oVerali pro-am expenditure levels 
($3.1 billion in fiscd year 1983) led to recent 
congressional action to tighten eligibility by 
requiriiig all applicants to undergo financial 
needs analysis, regardless of income. The Pell 
Gran|s, the largest of the student financial 
assistant progranis, Js also currently under- 
going reevaluation. ^Both GSL and the Pell 
Grants have been sourcBs of financial assist- 
ance to students enrolled in public and private 
colleges and universities and pbstsecdndary, 
proprietary business, and technical schools. 

Private Sector T)rmDjng^d ReiraimDg.— 
The recently enacted Job Training Partner- 
isinp Act (JTPA) replaced as ctf Gctober 1, 
/l983, the Comprehensive Employment and 
/ Training Act (GETA) as the legislatidn 
/ authorizing PederS involvement in occupa- 
tional training and retraining. JTPA repre- 
sents an ©cpanded version of title VII df the 
CETA Amendments of L968, kndwn as the 
"Private Sector Initiative Program," designed 
to stimulate more dij^ect business involvement 
in training retraining, and empldyment of the 
economieally disadvantaged. While the target 
audiences jor prdgfams design^ Md qperated 
under JTPA are ewnomicsdly d^^^ 
youth and adults who lack marketable job 
skiUs, title III df the act authorizes the ex- 
penditure df funds f dr retraining and related 
services f dr displac^ workers. JTPA is admin- 
istered at the State level, md progr^^ 
implemented through a network of local pri- 
vate industry counpils that assess locfd heeds 
and estebUsh perforamce standards for^train^ 
ing and retraining prograrnifuhded under the 
projgram. UnHke GETA, JTPA d^s not stipu- 
late that living aHowmieeswill be prdvided td 



trainees under certain circiimstan^ Such 
pf dvisidns are left to the discretion of State 
legislatures. 

Recent Legislative Proposais 

Educatidn, training, and retraining has been 
high on the Ust df priorities for both the 97th 
and 98th Cdngresses. Tlus is due^in 
cdncem dver current and po^mtialJPuture^woit 
force effects df shifts in the industrid composi- 
tidn df the ecdnoray, jmd inpart to the em^^^^ / 
ence df ** excellence in education'' as an issue / 
df national concern. Iii adcKtion, the rising na- 
tional debt and reduced State and local reve- 
nues have generated considerable bipartisan 
support for reexmniiiing She Federflxdle in 
education, trmning, and retrainidg. Recent 
legislative proposals mth a bearing bh instruc- 
tion for programmable autbrhatibh include the 
following: 

• strengthening precj)lli^e sj:ience and 
math education by increasing tfi^ 

of qualified instructors^ md encoura^g 
curriculum development; 

• encouraging computer Hteracy through 
teacher education, the creation df incen- 
tives Iot placement of ebmputer hard- 
ware ^d sbftwaLTB in Ibcal schbbl systerris, 
curriculum develbprrieht, research, arid 
other means; 

• stimulating imprbvemeht in adult 
Hteraey; 

• providing assistance to the States td en- 
sure that target pdpulatidris such as the 
ecbhbmic^Qly"disadvarita the handi- 
capped, riieh arid wdmeri entering nontra- 
ditidrial dccupatidris, veterans, and adults 
requiring training and retraining fi^e ade- 
quately served by vocational education 
prdgrarils; .-. . 

• creating tuition tax credits, and individ- 
uaLeduc^fion and trmning accounts tb 
Stimulate greater^individual participatibri 
in instruction^ and 

• creating tax incentives tb^eheburage erri- 
ployers to provide additional training and 
retraining to employees as needed. 
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Options for Education, Training, 
and Retraining Policy 

There is considerable pressure on the 
ihstioictidnal system to be more responsive to 
structural economic chmge. Econbrme and 
techridldgical change may well result in more 
frequent shifts in Work force sfctH require- 
ments, and it may well require greater flexibil- 
ity and mobiiily among work force partici- 
pants than ever before. The ramifications dt 
PA for education and training are a subset of 
this larger issue. There may be a hew mandate 
for the U:S. instructibhal system as a whole 
to gear education, training, and retrairiirig pro- 
grams ot all types more to long-range^ struc- 
tural changes in the labor market. This fcR^us. 
a change from the past orientation to relative- 
ly static oceupatibhal demands, will also re- 
quli e a heightened awareness of skills that are 
common tb a variety of dccupatidris— skills 
that, by their very nature, may prdvide indi- 
viduals with greater dccupatidnal moJiUty^ 
New approaches to curriculum design, more 
frequent review and mddificatidn of existing 
curricula in keeping with substantive labor 
mai-ket change, an iiiciease in the supply of 
qualified ihstriictdrs in some discipUnes, and 
more attention td maintainmg instnictib^^^ 
cilities arid using state-of-the-art equipment, 
will be necessary. 

While industry, labor uriidris, arid educators 
are all providers of PA-related training and 
other types of ihstructidri. they hav^liinited 
resources arid sdriletifries hdld different views 
of the nature arid scdpe of instruction required, 
as well as the mdst app'rqpriate modes of de- 
livery. In light df these cdnditio^s, and the 
roles being assumed by industry and labor, the 
Federal rdle in education, training, and retrain- 
irig needs td be reexaniined. Ilie fotiowing Fe^^ 
era! policy options are proposed for ebhsider- 
atidri by Congress. 

No Increased Federal Role 

Congress could choose not to modify Federal 
ihvblyeriierit iri education, training, raid re- 
trairiirig in light df instructional needs asso- 
ciated with programmable automation. If this 



option w^e pursued, PA-related instructional 
requirerh^ts would cdriipete with all others 
for Federal dbllars earriiarked for elementary, 
secohdary,^ vbcatibrial, arid higher education, 
and for trairiirig arid retraining. Producers and 
vendors bf PA equipment arid systems would 
provide, as they do ridw, the bulk of initial 
training tb eriiployees bf user firms.* Compa- 
nies utilizing PA would dr would not provide 
additibnal iri-hbuse iristniction based on avail- 
able corporate resources and priorities.** 
Cbriimuriity colleges and trade and tecltnical 
schbbls, based on their varying readings of 
available labor market forecasts, student de- 
riiarid, familiarity with local labor market 
rieeds, arid resources, would choose whether 
qr riot td develop PA-related degree and hbri- 
degr^ programs. Colleges and universities 
wdUld, with existing resources, choose whether 
or riot td adapt thei^engtneering, eorriputer 
science, business^ administratibri,^ and career 
guidance programs to the needs bf autbriiat^ 
manufacturing en\arohmehts, base^ on their 
understandi^gj)f Industry ahd/br studerit de- 
mand. In dementeoy ahdseeondary education, 
creating^ an awareness bf career oppdrtunitjes 
in automated m ariuf acturirig arid prdviding in- 
formation oh sfc'llareqiiireriierits wduld be left 
to the discretion A the school district, institu- 
tion, or individual instructor. 

The advantage of maintainxngthe exist irig 
Federal role in PA instructibri is that prqgrarii- 
mable automation is stiH in the earliest stages 
of utilization. Little is known abbut how PA 
Villi change or modify skill requireriierits, af- 

*Ih the sumrher of 1982, OTA commissioned a survey of 
views oLeducation, training, and retraining requifements 
associated with the use of prograinmaW 
bf telephone interviews with pro<'ucers o_LPA equipment ^ 
systems indicated that 93 percent of producer firms provide 
instruction for their customers, but that the training is narrowly 
focused and designed for use with a variety of occupational 
groups. -- -I 

♦♦The OTA-oommissioned survey of views of PA-related 
education , training, and retraining-reqairementa found that_40 
percent of the repreMhtative manufacturing facilities-Contact«d 
utilized some form oLPA, and of t^^^ 22 porcen^ 

sponsored or conducted education_andi_rwni^^ 
manufacturing. Among the plawta currently not ojfennginstruc- 
tion of this typo, only IS percent indicated any plans to imple- 
m^^nt programs in the future. The most common reason cited 
was "low benefits relative to costs." 
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feet job design, or trigger job loss, particularly 
over the long ternl (Xirreht labor market fore- 
casts shed little light dri possible new career 
dppdrtum ties within automated manufactur- 
ing dh which td base instructional priorities. 

The disadvanta^ of not ihodifyihg^ Federal 
involvement in education^ training and retrairi- 
ihg for PA is that the Fed^al Sdverhrheht 
would forego potential roles unlikely to be 
assumed by other levels of ^bverniherit or the 
private sector, suclv as assisting in the cobr- 
dihatidri of ihstructibhcQ activities, ehsurihg 
' that adequate labor market forecasts are de^ 
velbped and that ihformatibh derived from 
such fbrecasts is actively disseminated td in- 
dividuals, educatdrs, and trainers. Fdr exam- 
pie, State gdve.'nmehts are Unlikely td encdUr- 
age iristructidh that increases individual 
mobility within the wdrk force (fioid between 
States), although increased rridbility may fur- 
ther national empldymerit objectives. In ad- 
dition, shortages of instructors, inadequate fa- 
cilities and outdated equipment among 
traditional deliverers of technical instruction 
are nadonal cdncerns. Tliese conditiras sh^^^^ 
be cor lidered hi determining possible Federal 
roles in instruction for programmable automa- 
tion and in examining overall Federal involve- 
ment in education, training, and retraining. 

Incrcafi^ Support for Facilities, Equipment 
and Qualified Instructors 

Congress could cnoose^to build on the^exist- 
ing Federal role in elementary, secondary^ and 
postsecondary education by tar^ting re- 
sources for the purchase or lease of state-of- 
the-art equipment ahd/br by making selected 
facilities ready for use in future periods of in- 
tense instructional demand. It could further 
increase ihstriictional capacity by creating tax 
incentives that wbuld ehcburage user firms tb 
purchase state-bf-the-art equipment and sys- 
, terns for training purposes arid tb expand their 
ih-hbuse ihstructibhal facilities. Congress is 
currently cohsiderihg prbpbsals to strengthen 
science arid rnath instructidh dn the elemen- 
tary, secdhdary, and pdstsecdridary levels by 
imprdVing curricula and stimulating more in- 



terest in teaching careers in these fields. It 
could also consider methods to eiicourage in: 
terest in careers in en^neering education and 
other forms of technical instruction. 

The advantage of these cbh^essibhal ac- 
tions is that upgrading facilities arid equip- 
ment, as well as stimulating the supply df iri- 
structors, would reriidve the major barriers td 
the establishriierit of releyarit ihstructibhal 
prbgrixris withiri the public arid private sec- 
tors. Such actibris wduld serve td shdrtjn the 
tirhe frbrh the identificatidri df new sEiU re- 
quiremerits td the deyeldprilerit df iristrUctidri- 
al prdgrarils. Remdvirig impedinierits td the 
timely design df instructidn would be particu- 
larly valuable fdr displaced workers and others 
seeking td develop new skills or enhance ex- 
isting skills quickly. 

The disadvaritage of cbrigressidhal actibris 
of this t5^e is that they riiight stiriiulate tbb 
riiuch interest iri PA-related iristructibri at the 
experise bf bther types df ^ucatidri arid train- 
ing. Dbirig sd wdUld result iii the estabhsh- 
merit bf excess capacity for PA-related skills 
develbpriierit. In additidri, there is the danger 
that facilities iriiprdVeriierits arid eqUipriierit 
purchases cduld dyershaddw atteritidri given 
td needs assessment, curriculum design, arid 
ihstrUctidnal program delivery. 

Encourage Currictdum Development 

Congress could choose to encourage the de- 
velopment df curricula for various educational 
levels and iustructionai programs geared to 
the development of PA-related skills, perhaps 
by fostering the development of voIua^^ 
gmdeiines for PA-rdated cumculum content. 
Thlsjrquld be accompUshedJby establisl^ 
program ^thin Hii^ Depmtment of Education 
that wotdd provide grants to^ducational 
institutions to devdop model cturicula. Alter- 
natively, funds for relevant ciurriculum devel- 
opment could bejdesigriated withiri the exist- 
ing prograrii bf Educational Block Grants to 
Statias. By ericburagihg industry arid labor 
participatibh iri currictilurii develbpriierit at all 
levels, ^d by ericburagirig iriters«:tbr cddpera- 
tidri iri defiriirig iristructidrial requirernerits arid 
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strategies generally, Cdngreiss could reinforce 
ties between industry, labor, and the instruc- 
tional cdmfflunity. 

Such cdhgressibhal actions would create an 
eh\dr6nznent for a new and coherent approach 
to curricxilum design. At present, many pro- 
-ams for PA-relat^ skills development consist 
sirhply of adding PA components to existing 
curricula. For example, a number of robotics 
maintenance and repair programs are based 
on Ibng-^tablished curricula for electrome- 
chanical techndlp©^ or electronics. This ap- 
proach to curriculum design is not necessarily 
irieflfective; it sinq)ly needs tojte examin«i and 
evaluated. However, curricula that are tied too 
closely to specific occupations maty not stand 
the test of time, particulwly sinw present 
skills requirements jU98od may 
represent only the first wave of chrage. En- 
couraging comprehensive ctimculum design 
and the establis^hmen^^^ 

for curricidum content wquld^armtee some 
degree of standardization to Both enroHees and 
employers^ Such standardization would foster 
the development of common skiHs that would, 
in turn, encourage more standardized ap- 
proaches to job content and ^eater individual 
moBHity within the work force. This would en- 
courage proactive edueatibh and training. 

The disadvantage of such congressional ac- 
tions is ttiat, unless caa-efuUy devised, th^^ 
might stifle creative approadies to ctnriculum 
design Md^qntent that are ongoing or that 
might otherwise develop on the institutibhal 
level. Tliere is^Ssb a risk that the importance 
of PA issues mi^t be bveremphasized in bver- 
all curriculum design. 

Encourage Rene «ired Emphasis on Basic Skills 
and Problem-Solving Skills 

Congress could dhoose to e^^^ 
levels of instruction a renewed emphasis on 
strong, basic skills in reading,^ mathT fiid^ 
science. Specid raip&asis could be placed on 
the devdopmentqf miBvidud proBl«i-s6JKHuog 
skiils, since these are important prerequisites 



to training for careers in automata manuf ac^ 
tuiingf as well {orndnmahufactiiriiig bcciipa- 
tions. Many ihdividucQs are unable tb pM-tici- 
pate in _PA-related instructibh dUe to basic 
skill defidehcies. Others have received tech- 
nical instructibh that was gear^ to the deyel- 
opmeht bf manual skills and that provided 
limited bppbrtunities fbr the deyelc^ment of 
mbre abstract prbblem-sblving abilities. Some 
have held jbbs for long periods that did not 
require use bf cbnceptUEl skills that may be 
mbre impbrtant fbr work in cdmputerized set- 
tings. Congress cotdd emphasize the iinpqr- 
tance bf hoth basic skills and problem-solving 
skills at all levels of instruction, and take stgps 
to coordinate basic-education programs^ for 
schdpl-age youth and ^didte. This could be 
accomplished by strengthjaiing th^e coordina- 
tion function now performed by the Depcat- 
ment of Education for ejementaiy, sarondary, 
vocational, technical and higjier education. 
Cun eutly , the Department sponsors research 
on alternative approaches to Baisic skills and 
problem-solving skills development for dif^ 
ferent levels of^uca and fbr students bf 
different age groups. 

There are a number of advahU^ in pursu- 
ing this oj^tion^ First, it can make the labor 
supply more resHient in the long-term by rais- 
ing the overall skiH level. Second, it creates 
a common foundation of skills that cbuld be 
enhanced over ti^ (as heedSd) thrbugh the de 
velopmeht bf joltrdafced skills^ including those 
associated with PA. Third, this approach does 
not feed the process bf "skills bbsblescence" 
by tying individual ihstructibn too closely to 
specific technblbgies. 

The disadvantage bf this course bf action is 
that it risks bvi^emphasis bf the basic skills 
to the neglect bf broader educational experi- 
ences and the stimulatibh bf career interests. 
In additibh, it represents only part of a long- 
term sblutibn^ and it does not address the need 
for the development of specific, PA-related 
skills heeded in the short-term, such as main- 
tenance, repair, and programing. 
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Intensify Efforts to Gather andBroaajy 
Disseinmate Labor-Market Information 

In order to adequately prepare for participa- 
tion in the work force^ihdividuals need access 
to current, reliable information on labor mar- 
ket trends, especially trends for occupational 
employiheht. Educational and career guidance 
personnel at all instructional levels, as well as 
individuals who provide job counseling and 
placement assistiirice to adults, also need ac- 
cess to current, reliable information. Gongress 
could choose to strengthen the national 
database for labor-market infonnation mid en- 
courage the development of strong links to 
State and local databases, where they e^st. 
It could also encoiirage more systernati^^ 
semination of labor market informatibn, in 
cooperation with the private sector, by modi- 
fying the responsibilities of the Bureau bfia- 
bbf Statistics and designating broad-basediri- 
formation dissemination as a primary BLS 
function. These actions would require ah in- 
crease in appropriations, in light of recent cut- 
backs in Federal statistical programs. 

One advantage of this type of cdngressibrial 
action is that it would enhance public aiid pri- 
vate sector knowledge of labor market condi- 
tions, facilitating **informed" planning by in- 
dividual^, ^rnployers, educators, and all levels 
of government. Another advantage is that the 
database could be used in combination with 
information on industrial activity (e.g., jplant 
and fadHty imprbvements) as an early warn- 
ing system for majbr shifts in skills reqvure- 
ments in older br emerging growth industries. 

The disadvantage of enhtacing current 
labor-market information gathermg ahdJis- 
semination programs is that addition^ Fed- 
eral expenditures would be reqmred in a period 
of relatively limited Federal resources. The 
success of such a program would hinge oh the 
close cooperation of industry and labor uiwns 
with the Federd Government in sharing irifbr- 
mation on emergmg sKlls requirements and 
current approaches to job design. 



Ehcdurage Individual Participation in 
PA-Related Instruction 

Congress could choose to influence the hurri- 
bers of indi\adufids who seek PA-related iri- 
sfcruction or retraining for jobs in nbiimahufac- 
turing sectors. Measures such as those already 
being considered by Gongress tb rriake individ- 
ual participation in ihstructibri rhbre ecbnpm- 
ically feasible could be used tbericburage PA- 
related sldHs development. These prc^sals in- 
clude: the creatibri of individual tax incentives; 
the designatibh bf training as an allowable ex- 
pense under the Uhemplbyment Insurance 
System; and the establishment of individual 
educatibh br training accbUrits. 

This course of action would increase the role 
of individuals in the adjustment prbc^ss. In- 
centives to indi^dualg would be particularly 
valuable in instances where emplbyers db hbt 
provide PA-related skills development bppbr- 
tunities to their emplbyee^ beybhd the level 
of introductory training. Displaced workers 
who wish to pursue careers in cbmpUterized 
environments or elsewhere wbuld ggin the re- 
sources for acquiring necessary skills. 

Possible disadvantages in con^essibhal ini- 
tiatives of tWs land include bverstimula 
of individual interest in PA-related skills de- 
velopment that, unless carefully monitored, 
cotdd result in^a ^Hs^t; prbliferatibh bf PA 
instructional programs that are hot necessari- 
ly of high qujSity; and a disincentive tp indus- 
tries utiliang PA to provide ernplc^ee instruc- 
tion. 

Encourage Industry-Based Instruction 

Findings of an OTA-sponsored survey of 
views of instructional requirements for prb- 
grammable automation suggest^ that the ma- 
jbrity of firms cuxrently utilizing computer- 
autoniat«i eqmpment and systems have ho 
plans at this time to estabKsfa ih-hbuse ih^trtu> 
tional programs in the near future.^^These 

"For additional fnforroation on this OTA-sponsored survey, 
see AutdmaUon and the Workptace: Selected £abor. Education, 
and Tralmng Issues, bp. cit., March 1983. ' 



41, 



findings are Jn keeping with ongbihg, private 
sector concern about the high costs associa^ted 
with providing in-house, technical instruction. 
Gongress could choose to ehcburage Users of 
programmable autbrhatibh to establish or en- 
hance ^stihg, ih-hbuse technical training aiid 
education programs thrbugh the creation of 
tax incentives that help defray the costs of in- 
structors, equipment, expansion of instruc- 
tional faculties, aiid curriculum development. 

This type of congressional action wbuld 
stimulate additional tf aimhg to rheet shbrt- 
term industrial he^s. I tjvbuld also encourage 
firms already providing PA-related instnictibh 
to broaden what is cbmmbnly Veiy riarrdw 
course content; tbprbvide access to training 
to a wide range of bccupatibhal groups— in- 
cluding pr^uctibh line wbrkers; aiid to consid- 
er estabHshihg Ibhger range human resource 
development prbgraihs. Training associated 
with proprietary prbcesses might be stimu- 
lated by the avedlability bf additional resources. 
Incentives might be particularly useful_ in 
making training in small firms more struc- 
tured arid fbcUsed; it tradition^y occurs in- 
formally bh the job due to limited resources 
and bther factbrs. 

One risk of such cbhgressibrial initiatives is 
that they may not assist manufacturing work- 
ers whio need it the most: lower skilled produc- 
tion Hne wbrkers arid skilled craftsmen who 
have becbriie urieriiplbyed or are at the great- 
est risk bf job loss, since industry has tradi- 
tibhally prbyided little training to these work- 
er groups. The design of specific initiatives 
wbuld determine whether the unique needs of 
these worker groups are taken into accountin 
iristructidrial programs. There might also be 
a disincentive for some individuals to pursue 
PA-related education and training programs 
that are not offered by their employers. 



Intensify Research Efforts 

SihciB prbgraimriable technologies are still 
maturing arid PA diffusion is still in the earli- 
est phases, it is likely that additional changes 
in skill requireriierits fbr automated manufac- 
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turing will emerge over time^ Congress coi 
choose to increase Federfid sponsorship bf 
search to identify chmiging skills requiremei 
within exisjiing manufacturmg bccupatic 
and emerging occupations, arid to provide : 
broad-based disserinriatibri of the findirigs 
better equip educators arid trairiers for c 
riculum developriierit. Gbrigress cbiild alsb t 
a research program to encourage the develi 
ment of instructibhal standards that are 
keeping wth PA-related skill requirements, 
could authorize the Departriierits bf Educati 
arid LabOT to establish rnechariisrns for rej 
lar review arid reassessriierit bf these stal 
ards by industry, labor, arid educators. Strerig 
enirig the labbr-rnarket irifbrmatibn databa 
as prbpbsed in a previous option, is a prer 
uisite for this initiative. 

individuals, Siucatbrs, industry, arid lal 
would aH benefit frbrii ari increased Urid 
staridirig bf changing skills and emerging 
cupatibns^ especially since little research 
this kind is cbridUcted within the private s 
tor. Brbad-based dissemiriatiori of this inf 
matibn by F^eral arid State governmen 
ribriprbfit associations, and other entit 
wbUld ensure that workers of all types woi 
have access and the opportunity to detenn 
what it riiearis in light of their career goals a 
skill levels. Over tirne, thji availability of t 
irifdf mation would give jndividuals arid irij 
tutidns a stronger bwis from wKch to forec 
future skills changes and to initiate mstr 
tibnal activities based on these charigea. 1 
creation (rf instruction^ standards would^ 
courage the deydopment bf high-quality e 
cation, training, and retrairiirig prbgrariis w 
content that accm-ately reflects iridusti 
skills requirements. 

A disadvantage to this optibri_ is that 
would require an expanded Federal rble in 
ciqtechnical research in a period of liriiited F 
eral resources. Another disadvantage is tl 
the creation of iristeuctibrial staridards cbi 
stifle creative appf baches tb curricUliriri c 
tent at the iristitutibrial level, arid iriistructid 
responses to the needs bf particiilar ixidusti 
with unique PA applicatibris. 
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Appendix . 
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Selected Case Studies: Summariei 



The f dlldwihg section includes ^mmaries^f five 
case studies of instructional programs designed to 
develop sldlls that are presently assbciated with 
the use of programmable autbmatibri (PA). These 
five are part of a^grpup of^l4 such studies devel- 
oped for GTA: Instructional activities described 
in the case studies summarized here include: 1) a 
rbbbtics arid cbriiputer-mded drafting progr^a^^ 
high_ school students, operated by the Oakland 
(Soojity School System in southeastern Michigan; 
2j the undergraduate arid graduate degree pro- 
grams in Engineering Technology offered by Brig- 
ham Young University, Provo, Utah; 3) CADAM 
Inc/s* customer training in cbriiputer-aided de- 
sign; A) the 1 riterhatibrial Brotherhood of Electri- 
cal Workers' programmable controller training sys- 
tem; and 5) the **eADZeAM" operator training 
program based in Glendale, Calif, (refjreseritative 
bf effbrts characterized by strOTg industry 
tion, and government coop?5t:atjonj: The five stud- 
ies were selected for inclusion to illustrate PA- 
related instruction bf varibus types and ley^^^ 
sophistication, as well as to highlight programs 
operating in different geographic areas. 

ease Study Research Methbdbldgy 

ease study research began in July 1982 and 
ended in June 1983. The initial bbjective of the re-' 
search project was to identify ahd^ contact a 
selected sample of institutions, orgaiiizations, and 
agencies known to bffer br have the pbteritial to 
bffer programs designed to prepare individuals for 
jobs in computer-automated factory environ- 
ments. Approximately 3D0 individuals repre- 
senting industry, educatibrial institutions, govern^ 
merit agencies, prof essioria^^ 
and/or education associations, technical societies, 
and community brgariizatibris were cbritacted in 
the first stage of the resem'ch._This was augmented 
by a literature search. A sample of 1 00 training 
or education programs was identified, from which 
20 were chbseri tb be the subjects of 14 case 
studies. 

Tha following selection criteria were developed: 
• Geographical spread.— Prbgrariis were chbseri 
from all four quadrants of the country, with 
a concentration of four programs from the 



♦CADAM Ina is a suhyidiary of the Lockheed Corp, 



heavily industriedized areas of southeaste 
Michigan. 

• rnstructiohal deliverers. —The case studies i 
elude programs operated by primary school 
high schools, community colleges, univeri 
ties, arid 4-year colleges, a uriiori/riiariageriier 
bperated trairiirig center, and industries th 
produce and use PA equipment: 

• Type of programmable autpmatioh trai 
jrig".~Prbgrariis chbseri prbvide iristnlctiqii 
computer-aided^drafting and design. systeir 
robots, programmable controllers, compute 
ized numerically con trbUed riiachiries, aiit 
mated vision systems for factory inspectio 
automated raateriais-handling systeriis, sp 
ciaUzed semiconductor fabrication equipriier 
and CAD arid CAM rietwbrkirig systems. J 
addition, university programs addressing tl 
systems approach to computer-integrate 
riiariufacturirig education, plus iri-plarit pr 
grariis stressing the systems approach f< 
managers, are included. 

• Occupational categories of traihees.^Pr 
grariis cbvered iri the case study series a 
dress the needs of current or potential perao 
nel in the following occupational categorie 
iriachirie bperatbrs; electrical, mecha^ 
other maintejiance personnel; welders; eiecti 
cai and electronics technicians; robotics tec 
niciaris; mechanical desigriers arid detailer 
printed circuit designers; electrical drafte: 
and designers; numerical control programer 
general-purpose prbgramers; integrated ci 
cuit designers; piping designers _arid jiraf ter 
manufacturuig engineers; design engineer 

' systems engineers; research and devel6p»mei 
personnel; shbp-flbbr supervisbrs; manager 
and executives. 

• Size of institution or organiza tion.— Comp 
nies included rari^e in size frbrii firms erilplb; 
irig urider 170 iridividuals to multinational co 
porations employing hundreds of thousanc 
of people. In terms of the size bf the brganiz 
tfbri served by a sirigle training div^ 
largest js 42,000. The educational institutior 
range in size fromL2,500 to 34,000 student 

• Fundmg'sburce.—Bbth public arid private ij 
stitutioris arid organization^ are covered. M 
jor public funding sources include Peders 
State, and local gbvernriient brgariizatibri 
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Jh® ^^li^^'^^^^^^^^^'^P^'^^^*^®*^ training 
program is supported by regular contribu- 
tions from union members arid by manage- 
ment subsidy. 

• Industrial sector.— Programs covered ad- 
dressed the follbwihg industrial sectors: trahs- 
pbrtatibri equipment (include My to and com- 
mercial aircraft); electrical and electronic ' 
devices and machinery; nonelectrical machin- 
ery; and prbgrarrmiable equi|mieritjpix>duce^ 
Attempts were also made to identify suc- 



cessful prbgrairis in the itietalwofking in- 
dustry. 

Additionally, some programs were chosen be- 
cause they demonstrated cbbperatibh among ed- 
ucatibnal ihstitutibris, industnes^ and^(^^ 
stance) State and local government participation. 
Two xjuestionn aires — one for cbmpanies and brie 
for educational ihstitutibris— were designed for 
during brisite interviews (lasting 2 to 5 days each) 
conducted for each case study. 
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Case Study 1 

Oakland County Vocational Education Centers: Robotics 
and Computer-Aided Drafting For High School Students 



Backgrdurid/Sumrtlary 

The Oakland County Intermediate School Dis- 
trict covers approximately 900 square miles to the 
north and west of Detroit. The intermediate dis- 
trict is comprised of 28xonstituent school districts 
and includes most of Oakland County and small 
proportions of the adj acent counties of Macomb, 
Wayne. Livingston, Genessee, Lapeer, aiid Wash- 
tenaw.* The approximately 21 UGOO children in the 
district live in cbrhmuhities of widely disparate 
economic status: some are among the wealthiest 
in the country, while others have disproportionate 
numbers of families on State arid Federal aid.** 
In 1982. Pdhtiac, the largest coristituent school 
district, had an unemployment rate of over 20 
percent. __ 

In 1967. voters in the intermediate district 
passed a half-niiU levy to pay the construction 
costs for four area vocational education: centers, 
one in each quarter of the cpurity. The four cen- 
ters—operated under contract to Oakland Schools 
by the constituent districts of Pontiac, Royal Oak, 
WaUed Lake, and Clarks ton— offer programs in 32 
occupational areas. Three 21/^ hour sessions— 
morning, early afternoon, and late afternoon— are 
offered for high school students, who spend the re- 
mainder of their school day at the '*hbme'* high 
schools; and the centers all operate evening classes 
for adults. The flexible vocational instruction of- 
fered at the centers cbmpleriierits the vocational 
education provided at high schools that operat 
individual vocational programs. The centers also 
provide basic-throu^h-advariced instruction for 
students from schools that have rid vbcatiorial pro- 
grams of their own. Students who participate in 
a full 2-year course of study at a center get 900 
hours of combiried classrbbrii arid labbratbry iri- 
stnictibh in a specific vocational area.*** 



*This is Oakland Schools, a.brochute publishod by the Oakland In- 
termediate District, explains that.*'in Michigan, every local school dis- 
trict is a purt of an intermediate district: there is no exempt territory. 
The intermediate school district is_ a regional educational service agency 
Treated by State law to carry out cert^n legal functions at the direc- 
lEWl vl the Stale Department of Education/* 

♦*Tte is OakiaiuL Schools 

• **The number of homis.in vocaUonal educ^^^ 
" by_ the State and is comparable to that offered in comprehensive high 
schools. 



Oakland Schools also provides an additional aid 
to vocational programing in botK the local districts 
arid the regibnal ceriters: ciirriculurii specialists bri 
the j/ocational education stajf at the Oakland 
County Service Center assist instructors in apply- 
ing current iristructibrial techriblbgy, iri keepirig 
prbg^ram content up to date^ in obtmnin^ 
and equipment, and in maintaining contact with 
local industries. 

In the summer of 1982, the Pbritiac Center bf- 
fered a speciaj^4-week introductory robotics pro- 
gram for incoming juniors and seniors. The inten- 
sive 64-hbur course was a deriibristratibri prbgrarifi 
designed to test the feasiblKty of teaching 
and other **high tech" coursesin the centers' reg- 
ular schbbFyegir arid suriiriier bfferirigs. As a result 
bf the siiccessfill sunMilerjpip^i^ robotics^ and 
computer-aided drafting are now taught in a num- 
ber of regular courses in three of the area centers. 

The ceriters have ap^rbached the teaching bf in- 
tegrated manufacturing skill in a variety of ways: 
ij teachers at the Pontiac Center have designed 
a seriiester-lbrig course in robotics bffered for the 
first time Jn Januaryl 983; 2[ the Royal Oak Center 
has obtained two computer-aided drafting stations 
for use in mechariical arid architectural draftirig 
cburses, and in stnic tors there 
robots to teach basic robotics principles in fluid 
power jand electronics courses; arid 3) the Walled 
Lake Ceriter alsb has a CAD system fbr iise in its 
drafting program, and instructors are now using 
the Mini-Mover " teach jrobot*** from the Pontiac 
sumriier course tb teach electrbriics, welding, iri- 
du^trial design and machine-s^op students the 
fundamentals of robotics as these relate to the 
students' core discipliries. 

Summer Robotics Program, North East 
Oakland Vdcatidiial Education Center 
(Pdtitiac, Mich.) 

Planning and Developmerit.^The summer rb- 
bbtics dembristratibri program was conceived dur- 
ing an informal conversation between a vocational 



*Teach-robot3 ore miniature, table- Lop electric robots useful for 
teaching programing and robot motions. 
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education curriculum specialist from Oakland 
Schools Service Center and tha principal of the 
Pontiac Vocational Educatibh Center. Although 
the amount of time from initicd conception (March 
1982) to approval bj? the Oakland Schools' super- 
iriterident s committee (June 2, 1982) to program 
implementation (June 28) was short, the preplan- 
ning which enabled OaWar^^ 

luiri specialists, and administrators to create the 
program on such short notice had been going bri 

fo^the past 10 years. ^ 

The preplarihirig b^gan not with robotics itself 
but wi^h an ad-hoc group of instructors and cur- 
riculum specialists meeting ihfbrmaUy to explore 
the Utilization of cdmputer technology in the class- 
rbbih. Five years ago, the computer group began 
preparing for robotics and other industrial applica- 
tions of computer techhblbgy by making--- and 
maintmhing^ industrial contacts, expanding their 
working knowledge of microcbmputers and prb- 
grammable controllers, and faimUarizmg t^^ 
selves with robbtics. All this^ according to the cur- 
riculum specialist who spearheaded the group, was 
dpne in anticipation of the time when rbbbtics 
wouldbe recognized as a_|Uitable subject for high 
schbbl vocational education. 

Because of the necessity of waiting for the prop- 
er moment when public interest in robotics would 
be high enbugh tb ehcbUrage the Oakland Schools' 
superintendents' t»mmittee to pass on such a prb^ 
gram proposal, the preplanning was rie^ssanly in- 
formal. The years bf informal planning, ^however, 
proved to be productive; when the board's apprbv- 
al was received ih^the beginning bf JUrie, the com- 
puter-group members were able to bring together 
a team bf teachers with expertise in electronics, 
physics, machining^ and computer prbgraming 
who both devised the curriculum and de^^ 
-^struetibh^he Service Center curriculum special^ 
ist and the Pontiac Center principal bought sbme 
equipment and contacted industrial representa- 
tives who donated br Ibaried the remainder and— 
with the help bf the instructors-^ arran^d for field 
trips to local user and producer firms and for guest 
lectures by applicatibh engineers, sociologists and 

others. 

Goals.—The prbgnamjvas designed to meet two 
sets bf objectives. The immediate instnictibhal ob- 
jectives were to faniiharize the s^tUdents with t^^ 
fundamentals bf robbtics to help them make fut^^ 
career and educational decisions, and to increase 
their awareness of and interest in high technology 
in general. The Ibng-rahge goals were: 1) to devel- 
op, implement, and make necessary modifications 



to the curricular materials with the object of pro- 
viding them to secondary and postsecondary ed- 
ucational institutions offering robbtics instruction; 
2j to develop a core bf pebple within the public ed- 
ucatibrialsystem with knowledge x)f robot! and 
3) to demonstrate that a public educatibhal brga- 
nization is capable of initiating robbtics programs 

in a timely fashibri. rr^ - 

Administrative and instructional Staff.— The 
summer program staff consisted of twb adminis- 
trators, five teachers, and three student pro^^^ 
ing aides. The chief administrator for the program, 
the principal of the Pontiac Center, was respbrisi- 
ble for student enrollmeht, bbtainmg th^e equip- 
ment, arranging for the students to receive aca- 
demic credit, and other admimstrative require- 
ments; the Oakland Schools Service Center cur- 
riculum specialist cbbrdiiiated all curricular activ^ 
ities. The team of five instructors developed the 
instructional materials arid designed and delivered 
the coursework; and the student aides (two coUege 
students ahd_briehigh school senior) wer^^n hand 
to help with progrannng and writing sbftw;are for 
the Apple computers Used tb interface with the 
small teach robbts used in the course. All of the 
instructor^ had a minimum of 2,000 hours of in- 
dustrial experience,* t^vQ were members of the Ed- 
ttcation Committee bf .Robotic^ International of 
the Society of Manufacturing Engineers, and some 
had experience teaching and writing curricula for 
colleges iind other pbst-secbndaiy institutions. 

Facilities aiid Eklmpment,-~Ciasses were field in 
a largejclassroom-iaboratory in the Pontiac Center. 
Equipment used in the prbgram included four 
desk-top teach robots (two of which were pur- 
chased, twb bf which were borrowed from distrib- 
Utbrs), six Apple computers, three cathode ray ter- 
minals (CRTs), two DEC writers (strike-on termi- 
nals) and electrical and electronic test equipment. 

Student Selection^— Because approval for the 
prbgram was received at the end of the regular 
school year (June 2), student selectioln procedures 
were highly infbrmal. The program administrators 
discussed the program with the guidance counse- 
lors in all of_i;he high schools served by the Pon- 
tiac Center. By the time the board's approval wa^^ 
aniibUhced, however, most of the high schools had 
started their final examination periods or had re- 
leased their students for the summer. Schools in 
twb large districts, Pontiac and Rochester, re- 
sponded by announcing the program over their 
public address systems, requesting that all inter- 
ested sophombres andiumors apply. Fifteen of the 
sixteen applicants were selected, and all but one 



completed the ^-week course. Iriterviewef s looked 
for college-bound students with strong math and 
physics backgrounds and with some experience in 
electronics ahd/br computers. Approximately 75 
percent of the apgycants h^d^ recommended 
background kno^edge; the remainder of those jad- 
ihitted were chosen because of their high level of 
i*lt(Brest in the program. Of the 14 students who 
completed the program, one was female and one 
was froith. a miniority group. 

Curriculum.-^Classrc>bni arid laboratory instruc- 
tion was cqmplemerited by field trips to Pontiac 
Motors, ASEA's midwest robot facHity, and a lo- 
cal robotics show. Students also heard guest lec- 
tures by industrial represeritatiyes from Pontiac 
Motor Division, ASE A, ETON €01^:, and the Kas- 
per Machine Co., and by two sociologists who 
talked about the social implications of robotics. 
The following topic areas were covered in lectures 
and reinforced by field trips, demonstrations, and 
labbratbry experiments: 

• History and classifications-Fa^ influenc- 
ing the growth of robotics in industry; manu- 
facturing processes in which robots are util- 
ized; definition arid descriptibri of robots arid 
tlieir component parts; robot classifications 
(nonservo^ point-to-point servo- controlled; 
arid cbntinubus-path servo-cbntrblled); de- 
scription of cbmmercially ^Y^^^fe jpbpt s ; 
and the potential areas of growth in robotics. 

o Simple machine process and robot termiholo- 
Pescriptibri of simple machine furictic^^ 
and the relationship between robot design- 
and-ftnctlon terminology and the basic termi- 
nolbgy bf machine design. 

• B^Mcs of eTec^tricit^ 

control— An introduction to selected funda- 
mentals of electricity and electronics, specifi- 
cally DC pbwer distributibri arid 
circuits. Students learned to use basic instru- 
ments to_ monitor electrical power and to lo- 
cate malfurictibhihg segriients. 

• Micr(>cainputer^^ and proEP^wninE— 
Lectures and demonstrations of computer 
operation arid practical experience iri cbriiput- 
er prbgramirig. 

• Robotic drive systems— A segment in which 
students learned how to address the teach ro- 
bbts with staridard cbriiputer prbgtariis arid 
prepared specific programs for robot opera- 
tion: _ 

• Robot appUcations-^Reviev/ of riiariufactur- 
irig bperatibris related to robot appUc^^^^ 
and field trips to design and manufacturing 
facilities. 



• Qj^^^^W^^^^A ^Q6btfc5— Exariiiriatibri^ : of 
the employment opportunities in the field of 
robotics; requirements of various job classi- 
ficatioris as they relate tb the iridividual's de- 
velbpmerit ^rfA^^s and ac£de^ 
Had the superintendent's committee approval 
been received earlier, the iristructbrs would have 
attempted to add aribtrier 2-week segriierit cbyer- 
ing pneumatics and hydraulics. Lack of time and 
difficulty in obtaining equipment, however, made 
this impbssibie. 

instructiotipl^ Methods and Materials.— Th^ 
choice of a team-teaching approach was dictated 
by the iriterdiscipUriaiy riatxri-e bf rbbbtics itself 
arid fdsb by riece prie teacher in the Oak- 

land system had ail of the background knowledge 
and skills required to teach the full 4-week pro- 
graril. However, the tearii bf iristructbrs wbrked 
well together, and each individual jnember of the 
team enhanced his own knowledge of related fields 
while impartirig his particular expertise to the stu- 
^^erits. The lead iristnict^^^ pri hand at 

ail times to teach specific dass segments, guide 
the students through expeririiehts, and to provide 
cbritiriuity as the cburse mbved frbm segrii to 
segment— was an electricity instructor employed 
full-time at the Pontiac Center. Industrial iep re- 
sen tatives taught the basics bf rbbbtics; a physics 
instructor taught the unit on simple machine PJS^' 
esses and aided the students as they conducted 
physics experiments; an electrbri^^ iristriictbr 
from the Walled^Lake Center tauj;ht the segments 
on electricity bhA electronics; and a programing 
instructor from another iriterrrieJiary district 
taught the basics bf prbgrariiirig. 

The first 2 days of the program consisted of in- 
troductory lectures, films, demonstrations, and a 
field trip tb Pbritiac Mbtbrs, where the students 
saw industa*al robots in op^ 
robotics training lab oratory ^ From the third day 
through the end bf the cburse, the rnajbrity of 
classtime was spe^^ labbratpry work, 

progressing from experiments in basic ph^sics^and 
electricity through robot programing: Because of 
the lirriited tiriie available for each segriierit arid the 
students' impatierice with Iragthy ejqjtoations o 
a theoretical nature, the mstructora had to con^ 
dense all bf the material arid be highly selective 
^ _tli§_Pr6^ritatibri of some of the topics^ TThe ne- 
cessity to condense and select was most challeng- 
ing in the 3-day elect ricity/electrbriics segment 
which, after ari iritroductbry lecture iri basic elec- 
tricity and the importance of electronics to the 
study of robotics, concentrsfted on DC power dis- 
tributibri arid siriaple DC circuits. 
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As in the other segments of the course, the ob- 
ject in the electricity segment was to familiarize 
the students with some of the basic concepts md-- 
most iihpbrtaritly— to whet their interest and en- 
courage them to pursue studies providing them 
with more complete knowledge of the disciplines 
making up robotics. _ 

The instructors also worked as a team to develop 
the curriculum and written materials for the 
course. Since no texts, manuals, or experiments 
appropriate to secondary-level teaching were avail- 
able, the instructors— aided by the curriculum spe- 
ciaKst and by experts from industry— developed 
laboratory manuals, ex|)erimen^^^^ a robotics glos- 
sary, and handouts defining and describing robot 
functions, components, and classifications. In ad- 
dition, the instructors developed computer soft- 
ware for use by the students in programing experi- 
ments^ _ _ — _ . 

Student Evaluations of the Prograffi — In writ- 
ten evaluations, most students noted that they 
had enjoyed the class. The majority were im- 
pressed by the team-teaching af^roachj^ 
portunities for individualized instruction. A num- 
ber stated that they intended to pursue robotics 
studies and some claimed that the course helped 
them to decide on a future career in robotics. Some 
students noted the lack of training in hydraulics 
- and suggested that it should be included were the 
course to be repeated. The other criticism received 
was from two students who felt that the electrici- 
ty segment was too theoretical. 

The instructors are now cbhsideiing itiethod^^ 
dealing with the electronics segment in future fa- 
miliarization courses. Suggestions includer l) plac- 
ing the segment later in the course when situde^^^ 
would be better able to understand its relevOTce; 
2) making provisions for a supplemental^ class for 
those with no background in basic electricity; and 
3j teaching electronics as it applies to robotics; 
rather than beginning with pure electricity/elec- 

" troriics. . ^„ L • j 

AH of those who completed the cqurse receivea 
a half unit of credit, which was entered on their 
high school transcripts (one credit equsils a full 

semester-long courie). 

.Relationships With Indi^^^^^ 
1982, jprogram administrators and members of the 
instructional team met with Gehersd Mbtbrs jGM) 
representatives from the Orion Plant (a new facai- 
ty with bvier 160 robots, which, at the time, was 
under construction^ mid from Pontiac Motor Divi- 
sion to de^termine the feasibility and appropriate- 
ness of offering robotics on the secondary level. 



The~GMTepresentatives and other iiidustrial con- 
tacts a^eed that introductory courses in rbjotics 
on the secondary level would not only benefit the 
students by providing them with an orientation 
to the field, but benefit industry by raising public 
awareness and student interest. 

These industrial contacts, made in the prepro- 
posal stage of the program^ also proved to be fruit- 
ful in the curriculum planning and program opera- 
tion stages. The Pqhtiac Motors representat^^^ 
not only' worked with the instructo rs to deve lop 
the curriculum, but delivered the ihtrbductbry lec- 
ture to the first class arid surang^^ 
to the Pbritiac plarit^ Other industrial representa^ 
tivesjrom firms that prQduce,^distribute, arid use 
automated, machinery donated time niul equip- 
ment to the pf bgram. While no fqrmaLindustrial 
advisory committee was established before the 
summer program was offered, the curriculum spe- . 
cialist who helped adriiinisti^ the progrpm (who is 
alsb the vbcatiqnal/technicai coordinator for the 
Oakland district^ has set up an informal cbriiniit- 
tee to provide advice bri preserit arid future pro- / 
grariis arid cbursewqrk. _ _ 

Relatlonshlps With Labor Unions.— Local labcmB 
unions weS not involved iri the summer program" 
primarily because school officials looked on the 
summer course as a test case which would help 
them to develop prototype curricular materials 
which, they felt, were needed before asto 
liriibri advice or participation._Befor^ the downturn 
in the area economy ,^ local labor arid cbriipariy of- 
ficials actively recruited students from the voca- 
tional educatibri centers in the district, so that 
school representatives believe that uriibri partici- 
pation in an advisory capacity would be ^^^^ 
ate for cbriiputer-aided m^anufacturing couf sework. 
Vqcatiqnjd education representatives/ are nbw 
making informal contacts with uriibri shopwqrkers 
and hope to iricrease_the level of contact with local 
uriibris ill the near future. 7 

Resuits.— Apart from achievirigits objective of 
providing the participating stud^ent^^ 
tatibri tb rbbbtics. the summer program had a 

number of other salutary results^ As brie bf the, 

country's first robotics prograiris qri the secondary 
level, it gerierated a great deal of public interest 
and received coverage in local newspajpers, Qri local 
television stations, arid iri publications like th^^ 
Manpower and Vocatimal Education Weekly arid 
publications of the American Vocational^Associa- 
tion. This positive publicity not only helped to cbn;^ 
vince school board bfficials of th^ viability ofjrigh 
schbbl programs in robotics and other high-tech- 
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nology areas,- but generated the beginnings of a 
cdiririiuhicatibns network between bakUnd 
Schools and other high schools both in- and out- 
of-State. The vocational edUcaU spe^ 
cialist who coordinated the program has received 
over 60 letters and calls from high schools, coi- 
» J^^^ versi ties , and indu s tries from across the 
country, all of which are either interested in estab- 
lishing programs or hav^ already done so. The local 
pubUdty also i^^ student interest in other 

programs offered by the centers. The Pontiac Cen- 
ter, for example, attributes an increase in enroll- 
merit for its electricity course to interest engen- 
^^^^^ J^y_ J^ll^ robotics prdgram. Ehrbllmerit in- 
creased from 35 in fall 1981 to 50 (capacity enroll- 
ment for two sectiohs) in fall 1982. 

Another result of the program can be seen in the 
current offerings of three of the Oakland voca- 
tional education centers (discussed in sec. II) and 
in a number of local high schools in the constitu- 
ent districts served by the ceh The equipment 
purchased for the summer program is now in use 
in two of the centers. Most of the instructors who 
P^|'i^iP?t^dJn t^^ robotics into 

their regular school-year classes (either as a seg- 
ment in existing courses or as a free-standing, sem- 



ester-lbhg course) in the centers or In local high 
schools; Jiid oth^ ihstnictbrs in the centers are 
now offering or planning to offer coursework in ro- 
botics or computer-aided design. The- summer pro- 
gram also helped Oakland School officials to set 
up an articulation process with local private 
schools, community colleges, universities, and 
three industrial robotics programs. 

Tliejlistrict is settinjg up a formal articulation 
agreement with nearby Oakland Cpmmunity Col- 
lege whereby students who take robotics course- 
work in the Oakland Schools will receive advanced 
standing in the cdle program. The ar- 

ticulation process with the other schools and pro- 
gtarris is, to date, informal. Other tangible results 
include the curricular an Ltistnictibhal niaterial 
developed by the summer instnictors— manuals, 
instructional units {both lectures and experi- 
ments), computer sbftware designed for student 
use, the robotics glossary, and a^tudy analyzing 
the reading level required for currjently available 
nsbbtics texts. These materials, and the experience 
gsadned in developing them^ afe now being put tb 
use in classroom and Jaboratories throughout the 
district and will be refined and expanded in the im- 
mediate future. 
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Case Study 2 
Brigham Yeung University: The Education 

of Teehnologists 



Summary /Background 

the College of Engineering and technology 
Brigham Young University (BYU)-witka main 
campus in Prbvo, Utah, and a campus in Hawau-- 
is the largest private.university in the United 
States: Founded in 1875 as the Brigham Young 
Academy, ah elementary school with 29 students. 
BYU currently has an era-ollment of approximate- 
ly 28,000 at its Provo campus and over l,800^in 
Hawaii. While its prirnary intent is to provide 
undergraduate education, BYU does maintain^a 
number of graduate programs on the mas^r s and 
doctoral levels which have a combmed graduate 

enrollment of 2,8?0. _ , 

Brigham Young University's College of Engi- 
neerihgWd-Teainology has a total enrollment of 
approximately 3,400 students working on under- 
graduate and graduate degrees in six department^: 
chemical engineering, civU engineering electrical 
engineering, mechanical ehgin^ring, mdustnal ed- 
ucation, and technology, the four engine^ring^de- 
partmeiits offer traditionally structured under- 
graduate engineering programs and masters- and 
Ph. D.-level graduate degrees; The technolo^jie- 
partmerit offers three programs leading to the bac: 
calaureate degree (manufactiiri_ng_ engineenng 
technology, design engineering technology, and 
electronics engineering technology), and a master s 
program in computer-integrated manufactupng 
with program options in computer-mded m^u^^^^ 
turing (CAM) and computer-aided design (OAU), 
and elective coOTses in computer-aided _^sting 
(CAT) in the fall semester of 1983, the technology 
department began to offer a graduate pro-am 
leading to the degree of master of technology 

management: _ ^ i>i/>„ o^cttt ut^ 

Engineering Techhology^-In 1967. BTU be- 
came the first educational institution m the coun- 
try to receive accreditation from the Engineers 
Council for Professional Development (now known 
as the Accreditation Board for Engineering and 
Technology, or ABEt) for its baccalaureate pro- 
grams in manufacturing eri^eering technolo^ 
and design engineering technology^ In 1971, 
BYU's B^S. program in electronics. engirieermg 
technology was also accredited by ABET. 



While engineering technology is closely related J 
to engineering— and while the education of engi- 
neers and technologistaoverlaps in many areas^ . 
there are significant differences between the two ^^ 
disciplines. BYU's CbUege of Engineering ^and 
Technblbgy_bf fers the following definitions which 

clarify the distinctions: _ _ - ^ ^ 

• Engineering is' the profession m wmcn a 
knowledge bf the mathematical and natural 
sciences gained by study, experience, and 
practice is applied with judgment to develop 
ways to utilize ecbnbmicaliy the materials and 
fbrces bf nature for the benefit of mankin^. 

• tectmoioEy is that part bf the teclmological 
field which requires^ the application of scien- 
tific and engineering knowledge and method^ 
combine^ with technical skills in^isupport of 
engineering activities; it occupies a position 
on the bccupational spectrum between the 
craf tsjnan and the engineer at the end bf the 
spectrum closest to the engineer.^ 

Technologists, in essence^ are applied en^eers. 
This may at first s^em to be a misnomer, sfice en- 
gineering ia traditionaUy considered to be an ap- 
plied discipline. However, a brief overview of de- 
velopmehts in engineering educationin the United 
States over the past 25 years clmfiesjte^sue^ 
When thaU.S. space program began m tte late 
1950's and early 1960^s, engineering^hools began 
respbhding to the increased need for science- 
oriented courses by adding advanced courses m 
mathematics, physics, and chemistry to then- ci^- 
ricula. In thejprbcess, traditional engineermg lab- 
oratory courses in drafting, machining, and proc- 
essing were dropped but bf the curricida to make 
room for the mbre theoretical courses required to 
meet the needs of sophisticated space-ap technol- 
ogy As technical knowledge and applications mul- 
tiplied, the gap spread between engineers, whose 
educatibii was becoming increasingly theoretical, 
and technicians engaged in manufactunng and de- 
sign occupations. Baccalaureate technology pro- 
grams (sbrne be^an as 2-year_ technician programs, 
while others were originally designed as 4-year pro- 

' Brochure, GoUege of Engineering Sciences arid Tochriology. p. 9. 
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J^??®J^reated to bridge the dccupatibhal gap 
between the engineer and the technician._ 

According to BYU representatives, it is no long- 
®XPPssible for one gersbh to master the skills and 
knowledge required to cover the spectnim from 
conceptualizatioji to the manufacture of a final 
product. Now, the idea for a product often origi- 
^^^^^ ^^th marketmg^^ manage^ 
ment; the engineers and technologists work as a 
team to develop the layout and detailed design and 
t^ J^es t the prbtbtype product. The technologist 
and engineer work together to plan, desi^, and 
test the machines or procedures for building a sys- 
tem or its cbmpbhehts, and then the craftsmen and 
machine operators bring about the actual produc- 
tion.* In terms of theoretical orientation, the pro- 
gression goes from abstract at the design research 
?^M*l^er's end, t^^ the tech- 

nician's and craftsman's end. While the engineer, 
then, may be interested in wJiy a syatem, product, 
or procedure performs so that he/she can create 
plans or designs, the teclmqlbgist is concerned 
with how that system, product, or procedure per- 
forms so that the ehgirieerihg plans can be applied 
PT^ictice and are implemented in the most pro- 
ductive manner. 

Engiheenhg Technblbgy Programs at BYU.— 
BYU's Technology Department has gained nation- 
al prominence, especiaUy among in employ- 
ers, many of whom say that the technology grad- 
uates have precisely those skiUs most in demand 
^yJ^i**P^?„^^*^P^^*^^^ manufac- 
turing, design^ and applied electronics procedures. 
Created with industrial needs in mind, the tech- 
^py^Sy Pl^ST^s^ were quick to iricbrpp- 

rate computer-aided techniques ancL'P^^^^y^^^ 
the early 1970 's, individual faculty members in the 
mariufacturirig and design prbgrarns began explor- • 
ing ways of acquiring comjputer-m equipment 
to enable them to integrate CAD and CAM into 
the undergraduate curricula, and they initiated a 
'^^iP^^tpf res^^ additibh, data 

communications and real-time computer control 
were developed. 

_ research project used grbup techholbgy 
classifications to create what has now evolved in tb 
DCLASS— a computer program that classifies, or- 
ganizes, and retrieves informatibh to assist in proc- 
ess planmng, material^ circuit design, 
generation of time standards, and other industrial 



*Tbe Accreditation Bo Engineerings and Technology <ABET) 

^spJ^^PPK^i^es the necessity of enginesrs and te<:hjiologis^ts_ worJd 
together as a team in industrial projects. Acconling to ABEXreprer 
sentatwes, it is for this re associate and bachelor 

ieve! technology programs have been accredited since the 196b's. 
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applications. DCLASS is now licensed by 20 com- 
panies fbr use in 50 plan ts^ and reyenues received 
from the sale of DCLASS Ikenses help tb support 
coatinuingjcesearchinto computer-aided manufac- 
turing by BYU faculty and students. In 1977^ the 
t^^^i^joSyAepart^^^ instituted a master bf sci- 
ence degree program in computer-aided ffianufac- 
turihjg; the program has expanded over the years 
?9 ei^cbmpass cbmputer-aided design and comput- 
er-aided electronics testing and is now known as 
the Computer Integrated Manufacturing Pro- 
-am. The masters program and the undergradu- 
J^IlPfir^l^s injn engineering tech- 

nology andjdesign engineering technology are the 
primary subjects of this study.* 

In recent years, BYU's traditiohal engineering 
departments have been^uilding their capacity in 
what they refer to as computer-assisted engtneer- 
ing** and have jbined with the technblo^ depart- 
ment^o form the Cbmp^ Assisted Design, En- 
gineering, and Manufacturing (C ADEM) Cornmit- 
tee to cbbrdinate the use of ^^omputers within the 
College bfEngirieerihg and Technblbgy and to in- 
crease communication and cooperation between 
departments. 

Engineering Technology: Education 
and Research Activities 

A cbrhmbri iiiisperceptibh by outside observ- 
ers— including a number of BYU facultj^ and 
students outside the technology department—is 
that the department offers undergraduate pro- 
grams in coinpute^^^^ design and manufactur- 
ing. Actually, however, whSe computer-aided 
methbdblbgies and techniques are incorporated 
^P^P^^ 9^^^^^^P^P\^^ three technblbgy prbgraihs 
whenever appropriate, the programs tjiemselves 
focus oh providing students with a strong foun- 
dation in the basics bf the three disciplines- 
design^ manufacturing, ^d electronics— aug- 
mented by computer techniques currently in use 
in industry. It is at the master's level that the t^h- 
5P^?Sy_P^9®[?^sJocus so^ bn cbmputer-aided 
manufactttring and design. 

The ihcorpbratioh of computer-aided techniques 
and cbiirsewbrk intb the undergraduate curricula 

•The jelectronics technology program currently lags behind the other 
two technology programs in ihcdrporatihg computer- aided techniques. 
This parallels the relative lag of industry in computer-aidod electronic 
testing; This program wiH therefore receive less attention in the pres- 
ent _9tudy. _ . _. . 

_ ••Computer-assisted engineering (CAE) is defined by BYU erigiheer- 
ing^taculty_as '.^the. application of computers to the whole range of cal« 
cMatipn andsimMation taska needed for modern professional engineer 
^W* ' incJudingLfinite eLement analysis and routines for optirtiizatiori, 
linkage synthesis graphics, and numerical utility: 
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varies from program to program— reflecting \i cur- 
rent iridustnal practices in the three disciplines; 
2) the varying amount of cbhveritipnal manufac- 
turing and design skiUs required by the different 
disciplines; and 3) the availability of industrial 
equipment. Thus, the design curriculum is most 
suffused with computer-aided techmques and ap. 
^cations both because of the large amount of 
CAD equipment in the department and because 
of the rapid spread of computer-aided design m in- 
dustrial settings. ^ _ ^ . 

The manufacturing program, while it is provided 

. with well-equipped labs, stresses conventional 
manufacturing techniques for the first 3 years of 
study to provide the foundation for the advanced 
computer-aided manufacturing techniques and ap- 
pUcations taught in senior and graduate-level 
classes. The electronics program is the least^m- 
volved in computer-aided applications— a reflec- 
tion of the relatively late development of comput- 
er-aided testing ICAT! techriblbgy an^d^f ficulty 
in obtaining CAT and process instrumentation 

equipment. - ^ 

Undergraduate Programs: Common Features.— 
Goais.— The particular goals and objectives of 
individual prbgpraitis are discussed in the progr^ - 
descriptions. The technolo^ department as a 
whole, however, has identified a number of go^s 
wKch have a significant general impaet on th| cur- 
ricula and instruction in all of the programs. Some 
general goals are to V*educate the Vhdle person - 
by requiring students tb take a broad variety of 
general education courses and to instill in the stu- 
dents a recognition of the necessity of ^^Ufe-long 
leai-ning " While life-long leatfiuns iSi most 
basic sense, the respbnsibiUty of theindivldual, the 
graduate who stops learning rapidly becomes ob- 
solete when he_^r she leaves schcMal an^ enters a 
tecSmical field. For this reason, the technolop fac- 
• ulty places major emphasis on bolstering the stu- 
dents' commitments to learn how to learn on their 
own; to keep themselves apprised of new develop- 
ments in their prbfessibnal fields^and to contmual- 
ly update their skills and knowledge. ._ 

Faculty. -^o distinguishing features mark the 
members of the technblbgy faculty. First, all have 
had significant, industrial experience m their m_- 
structional fields. That experience ranges_"_fro«i » 
minimum of 3 to 5 years in industry to a maxmum 
of 10 or more years. Second, while mdustnal ex- 
perience is required of thafaculty, doctoral de^s 
Se not required. Of the 16 full-time faculty 
members, 6 have dbctbral decrees and the remain- 
der have masters^ degrees in technology] or engi- 



neering. Although the department actively eticqor- 
ages its faculty tb engage in research and to pub- 
lish the results, that research is of ten of a practi- 
C£d arid applications-oriented nature. _ - -- 
fencidng Methods and Matenais.— All of the 
technology prbgrairis emphasize prsctical experi- 
mehtatibn and_ application of the theoretical ma- 
terial taught in the classroom. The programs re- 
quire that approximately 50 percent of the stu- 
dents' time be spent in laboratory work. Com- 
ments by both students and faculty, however. m- 
dicate that many students sperid more than the 
required amount bf time in the laboratories, so 
that the ratio bf ]ab work to class work may actu- 
aily be higher than one-to-one, Ahb t her igs truc- 
tional method in the depaitment js the assigranen^^ 
of actual industrial projects to undergraduate stu- 
dents. Instructors on the desi^ faculty, for ex: 
ample, are frequently requested to MeJMs<*ool s 
CAD equipment tb perform benchmark studies of 
cbmpany drawings to help them determine the ef- 
ficiency of a eAD^ystem for the cbmpany^s par- 
ticular purposes. The studies themselves are as- 
signed as projects to upper-division design stu- 
dents, who thereby gain actual industrial experi- 



ence. 
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Other advanced students participate m sumlar- 
ly practical research projects conducted or coor- 
dinated by department faculty. Several technoloj^ 
faculty members are ribw working on computer- 
aided learning techniques and instructional sys- 
tems, one of which- the Computer Aided Simula- 
tion Training System (CASTMs being developed 
for use in both industrial and educational manuf ac- 
turingprbgrams. When the CAST project is com- 
pleted, the learning package will contain a total 
of 300 learning mbdules— each providing mstruc- 
tibh oh a sf^fic manuf acturmg process. As these 
modules are developed, tJhey are incbrpbrated mto 

the manufacturing curricula at BYU. . 

One problem facing the department is the^n- 
availability of appropriate textbooks in the CAD, 
CAM, and applied electronics areas. Since 
textbook^ on technblbgy quickly become outdated, 
the department is continually looking for other 
ways of supplying students with written materi- 
al A **Sroup Technblbgy Collection" has been 
estabUshed in the university library to give stu- 
dents access to the gromng mdmber of reports and 
articles on productivity^ manTlf acturing processes, 
and new develbpmerits in hardware, softwai^^cpm- 
puterized data bases, and other topics. In addition, 
copies of monograph^ cUscussing curtent_^topics m 
manufacturing fed design are repnxluced and dis- 
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tributed to students for th 

Another **hhrary'' resource, although not textual, 
is a growing "parts library" coritgdriihg a coUec- 
tibh of mariufactured parts, which are used in the 
classroom to illustrate the end-products of the 
manufacturingL processes being studied, 

EhrbUmeht Trends.— EhroUmeht in technolb^ 
department p^^^^ tripled in the last 3 

years. Currently, there are just under 1,000 stu- 
dents enrolled in the three undergraduate prhr 
grains: approximately 210 iii manufacturing, 220 
in^ectronics, and over 55^0 in design. This poses 
a problem for the department and the university 
in that even the new facility will only be capable 
of accommqdating^^^ 

policy of "enrollment control*' has been introdqced 
on a university-wide basis. Since ehrolliriehfcsrin^ 
of the technology programs co-e increasing, &nd tWe 
manufacturing and electronics pro-ams are ex- 
pected to reach enrollments of up to 300 eact with- 
in the next 5 years, the design program enrbllrnffit 
will be gradually reduced over tiie^coitimg^years^ 
Of the approximately 1,000 students, fewer ^han 
50 are women, and most of them are eriroUfed in 
the design prbjp-am.* Mb disbussion of 

enrollment trends can be found in the program 
descriptiohs. . / 

Cooperative Education,— The Cbllege^bf Erigi' 
neering and Technology operates any active coop- 
erative education program which gives students 
the bppbrtuhity to integrate their ac^emic stud- 
ies with periods of wo^ of the 
traditional engineering departmentsyfltend to dis- 
courage students from entering the cooperative ed- 
ucatibn _(cb-bp) prbgram by stmctUrm 
ulum into a lock-step sequence wldch creates dif- 
ficulties for students who spend time off-campus. 

The techriblbgy department, cm^^ 
actively encourages its students to take advantage 
of the co-op program, Approximiately 45 percent 
of the 128 students enrbUed in t^te cbUege's co-bp 
prbjram in 1981-8^ technology stu^nts who 
worked at such firms as BiJein^, SE^ Ge'neraLDy- 
hamics. Ford Aerospace, Honeywell, Eatbh-Keri- 
way, and WestinghbUse, Aside _f rbm the^qbvious 
advantage of obtaining practical experience to 
supplement academic knowledge and labbratbiy 



* i n recent years. B YU has been actively encouraging '*eq_u ai pppor" 
tunity cmd rights for w^^^^^ According to the technolo©' 

department chairman, wojnen who graduate from ^y of tjie depart- 
ment's j>rogranM will have an excellent chance of being hired because 
of equal employment opportunity programs- While the number <)f 
women in the design program is growing, many women drop but of the 
manufacturing program Techriblbgy department faculty say that this 
is primarily because a number of women are imcomfbrtable with 
mariufacturihg laboratory work. 



skills, a lM£®_^y5^^^JJ?^Jf®^^^ students have 
the additional advantage of discovering throug^i 
experience whether or not they want to accept the 
permcoientjbb offers they usually receive frbiri the 
co-op employers. 

Ironically, the success of the co-op program has 
created a prbblem fbr the department in that a 
number of employers have tried to conyin^^^ 
co-op students to stay on with the firm rather than 
return to school to complete their degrees. Another 
prbblem, wluch is sbmewh¥tTiimtiiigtb sb^^ tech- 
nology students, is the geographical isolation of 
the Provo campus and the cdnsequeht necessity 
for bver half bf the cb^bp students tb relocate tem- 
porarily to^ accept out-of-state einployment.^ 

Furthermore, a large number of BYli under- 
graduates are married—many ^th ybiing fahulies. 
Tbese_ students, especia^^ fiiid it ddffioilt to 
accept an out-of-state co-op Eissignment. For these 
and other reasons— including competition from 
bther schools, the downward trend in the ecbnbiny 
(which has caused a number of firms to discontinue 
their co-op programs), and increasing pressure oh 
the university tb turn but graduates— the cb-bp 
program has tapered off in recent years from a 
p^ak of 285 students in 1979-80 to 128 in 1980-82. 
Nevertheless, it still receives the support of the col- 
lege and the active participation of technblogy 
students. _ - — 

Counseling and Career Guidance.— The uhiyer- 
sity f bunseling center offers both group and in- 
dividual counseling for students with personal or 
academic problems, and the engineering college ad- 
visement center prbvides specific advice bn engi- 
neeriiig and technology Programs. The university 
also Jias a career education program that pirovides 
the foUbwihg services: 1) cbtirses oh life plamiirig 
^^J^^^§^9P^^^^B^ career exploration, a^ em- 
ployment strategies; 2) interest testing; and 3) aca- 
demic and bccupatibhal couhselihg. 

In spite bf all of these fbrmaT cbunseling 
guidance channels, some technolo^^ faculty mem- 
bers feel that a great deal bf the students' time and 
mbney is wasted because they do hot receive cbm- 
prehensiye interest- and ability-testing when they 
are admitted to the univfirsity. This lack is felt 
mbst keenly in the techhblb^ departmeht, where 
a majorpbrtion of t^ 

students from other colleges aiid departments. A1-' 
though some of these students discover the tech^ 
nblbgy department thirbUg^ regular cbUnseliiig 
channels, the vast majority leam of the depfifft- 
meht and the content of its curricula almost by 
accideht— thrbugh firiehds, chance cbhversatibhs, 
or parties outside the University. / 
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Manufacturing Engineering Technqldgy.--Like 
its sister prpjgram injlesign 

Ufacturing technology program was organized in 
i96a^d accredited by what is how kno\sm as 
ABET in 1967. The ^rMra^Jv^as const^^ 
such a way that, over the years, it has been able 
to accommodate the industrial trend toward cbiii- 
puter-assisted processes and equipment without 
significantly altering Jts original focus. At the 
same time, the lirogram has been refined over the 
years to minimize duplication, improve the course 
sequence, establish nieanihgful p^^^ 
give students flexibility in choosing areas of 
concentration. 

Both the instructional program jpid thejnajor 
research proiects of the_ faculty and students are 
characterized by a highly systematic approach, 
f hatL^pproach relies on the folio wing: 

• Definition of the subject matter (in this case 
manufacturing), its essential elpments,-and 
the activities involved; _ _ 

• Tdentification of the heed ioK a program in 
msuiufacturing technology and the processes 
and approaches to be employed to meet that 
need; and _ _ 

• Classification of the processes and compo- 
nents of manufacturing to form the basis of 
a syatematic approach to teachihg and re- 
search. The hotidri^of classification as em^ 
pldjred by the: manufacturing faculty rests on 
the following: description: * * Classification not 
only assists the memory by axranging indi\^^^ 
ual items into groups, but also expreases a re- 
lationship of tfiingaBnd leads to the discovery 
of their laws/'^ BYU's apprba^ch is based 
ah attempt td^ discover the laws governing 
manufacturing— including economic laws, 
laws of physics, metallur^, con trdl systems, 
etc.^defii^e them, arid teach them to the stu- 
dents. 

BYU bases its manufacturing curriculum ^n a 
broad defihitibri which ericdmj)Mse 
Ufacturing enterprise: **the series i^f interrelated 
activities and operations that involve product de- 
sign, planning, prbducing^ materiias acquisition 
arid cbritrdl, quality assurance, management and 
marketing of discrete' consumer and prbdUcer 
goods." Manufacturing activities are classified 
into nine categories: product design activity, 
marketing, management, material control, manu- 
facturing engineering, finances arid personnel, 
production, arid qUaUty assm-ance. W 
ricUlUiri at BYU focuses primarily on one of those 



activities— manufacturirig erigirieenrig— it also 
attempts tb^rdyide a background in the others; 

To create the manufacturing cumculum, facul-. 
ty members drew on their own iridustrial experi- 
ence, irifbririal iridUstrial cdntacts, and a-^narabor 
of formal surveys and studies to assess industrial 
need, o^nions of mahuf acturing ediicatbrs, arid re- 
quirements of accreditatibri agencies. Aft^^ 
haUstiye evaluation of the manafactaring disci- 
pline, the faculty found that the major factor dis- 
tinguishing manufacturing erigirieers frbm thds 
in other discipliries is the^^ to do manufac- 
turing planning and estimating. That ability, in 
turn, is buHt on knowledge of materials arid riiet- 
allurgy, production tbblirig, qUaQty assi^^ 
dUctidri information and control systems, plant 
layout and material handling, manufacturing sys- 
terns and mariagemeht. 

The core courses developed to form the basis of 
the manufacturing technology cximculum are, 
therefore, those which develop the skills arid 
knowledge required for nianufact ' 
arid estimating.* These are supplemented by spe- 
cial education courses in economics, mathernatics, 
statistics arid computer science, physical science, 
arid electrdriics^and design technology which pro- 
vide the students with basic laxowledge of other 
mahufacturihg Activities related to their disciplme. 
Also required are general and liberal education 
courses. ' — - 

Program Goals and Objectives.—The two major 
goals of the riiamUfactlum en^eering technology 
prd^am are: ij to give the students opportunities 
for individual development; and 2) to prepare them 
vsdth the latest knowledge arid skiUsriee^ 
br supervise personnel engaged in manufacturing 
operations, and to help in tte development of new 
products and processes. Tb achiM? those^gqalis, 
students are pip\aded, with theoretical instruction 
linked to extensive application experience. The 
cor,e coursework is plariried arbUrid eight specific 
areas bf study wluchcdirespd^^^^ 
ments for manufacturing planning and estimating 



'Dr. Dell Allen. Profeaaor, Brighani Young University. 



fTo further refine the curriculum, the faculty-Conduct©d_a_8Urvey_Qf 
grkduates of 1 a manufacturing technology programaUheir managers, 
and educators from the institutions offering the proglMs_._Tabulated 
results bf the survey were then evaluated .hy.seveiLe^rtSi who also 
voted on Various performance objectLvestobejn.funtainedJn ma^^^^ 
turihg curricula. These performance objectives, were also incorporated 
iiitd BYU miDiufaeturing technology curricula. 

♦♦The foUbwing coniraent by a Bechtel Corp. reprej«ntative should 
bo nbted:/'The hatd,_a)ld»j)ractical fact is that cunypno wUh any type 
of engineering educa.Uon_wil| aspU-e to be^c 
is not thejuce,jJeMinterfaco_t^^^ 

the_duties_ of_thA_many people enga^ an en^nMririg-oriented pro- 
griun.be it Aosiff»t cpnsU^^ 

figp Engineering Technology Education Study Final Report, p. 51.1 
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discussed above. These eight areas are: ij manu- 
facturihg plahhihg, 2} mahufacturihg processes 
and materials^ 3) jnanuf actUnn^^eve ^) 
production tool and maciiine design, 5) production 
planning and control, 6) plant layout and materi- 
als handling, 7) irispectidri and quality assurance, 
and 8) manufacturing management. Specific objec- 
tives have been developed for each area of study: 
Space limitations preclude a full listing of the 
objectives listed under each area. The objectives . 
for iristructibh in manufacturing plahhirig, there^ 
fore, will serve as an example. Those objectives are 
as foUows: 

• To familiarize the student with the function 
of discrete component manufacturing sys- 
tems and the characteristics^ analysis, and 
syntjiesis of such systems with emphasis dri 
computer-aided manufacturing planning. 

• To aid the student in developing the ability 
to analyze parts arid prbducts for riiariuf actiir- 
ing feasibility, to plan process operations and 

• sequence, to estimate manufacturing costs, 
and to select mariufacturirig tools, machines, 
and equipment. 

• To explore the various technical aspects of 
automation ard numerical control systerns 
(including labqi-m£^ responsibilities); 
to give students experience in manual and 
computer-aided numerical control program- 
ing; arid to gi''>'e therii experience working in 
local industries to solve manufacturing prob- 

^lems through the use of mechanization and au- 
tohiatibri. 

Computer-aided processes and techniques are in- 
corporated into the cbu/sework when appropriate; 
it should agaiii be stressed^, hqweve^^ 'thejin- 
dergraduate curriculum emphasizes and builds on 
cbhvehtional mahufacturihg techniques and proc- 
esses^hich eerve as a foundation for the study 
of computer-aided manufacturing. 

Facilities and Equipment.— The riiariuf actun^^ 
technology laboratories are distributed through 
four buildings oh the campus. The laboratories— 
sbriie bf which are shared with the Mechanical En- > 
ginesring and Industrial Education Depart- 
ments— occnpy over 15,600 square feet (iotal)_^d 
include facilities for machine-tool bperatiohs, fluid 
power experiments, casting^rocesses^ ?5etf4 ^or^P" 
ing, metalJurgy, quality assurance, materials sci- 
ence, welding, h. at al fbrmirig, and advanced weld- 
ing. Alsb avjiilable are a CAD computer area and 
a large machine-tool-performance and GAM lab. 



A comprehensive Ksting of thaconventional and 
cbmputer- aided equipmerit available to manufac- 
turinji: techn 

the space limitations of the present study. Follow- 
ing is a description of the major equipment items 
iri the CAM Laboratory: 

• a high-performjmce Evans and SuUierland 
graphics system for use in process simulation 
and riiaterial flbw studies; 

• fabrication e<^^ 

puter-controHed mjttm g xnachine used for 
undergraduate instruction and f or sbme pro- 
totype prbductibri, a^^ a Sheldbri CNC lathe 
eqmpped with m Allen Bradley contr^iler[ 

• two material storage systems— an Eaton Ken- 
way mihi-lbad stacker and a White Cbriipaiiy 
carou sel uni t — used Jn cdrij Unc ti on wi th tiie 
manufacturing program's plant layout and 
rnaterial-haridlihg course. .The two systems 

^sb used^ ^ f^^^ bf tbblirig arid 

in-process inventory; 

• ah ASEA ihdustnal robot capable of welding, 
grinding, irispectibri, asseriibly arid riibtbr re^ 
wmding which is used in graduate and imder- 
gTBduate projects; and 

• a 3-axis Cbrdax Model 1000 coordinate inspec- 
tion machine^ which wiU soon be ^upjile^ 
mented by in-process sensors— including laser 
scanning devices and equipment for measur- 
ing fbrce, temperature, jppsi tiori, arid velocity. 

The CAM laboratory has three major uses: 1) 
teaching at both the under graduate and graduate 
levels; 2| R&D cbriducted by faculty arid students; 
and 3| demoristratioris and seminars for^culty, 
students, and industrial visitors. All of the produb-"^ 
tibn riiachiries in the labbratbiy are cbriiputer^cbri- 
troUed to facilitate the development of a^ demon- 
stration system in which alt of the equipment wiU 
be networked in to a distributed mariufacturihg 
systerii yia^bmm To develop thepro- 

posed integratedg.sy stem, the students- and -staff 
are in the process of setting up a **CAM Mini-Lab" 
v/here they can test the integrated niEmufacturin^ 
process on a smaii scale before attempting to use 
the full-size industrial equipment. Current equip- 
riierit iri the Mini-Lab cbrisists bf ^;he fbllbwirig: 

• An IBM-PC Graphic System used to retrieve 
agivenpart shape from a data file and to mod- 
ify the basic dihiehsibns to the required cbn- 
figurayqn. The output is then scaled and , 
plotted on a hard copy device. 

• The part information is then transmitted di- 
rectly tb ari Appte CNC Lathe controller that 
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retrieves the cutter path routines to make the 

part. ___ _ _ _ 

• A Microboi robot retrieves the part stock 
from an automatic storage and retrieval sys- 

_ tern and inserts this part in the lathe chuck. 

"~ • The part itself is then automaticsdly produced 

on a miniature CNC lathe. . _ 

In the near future, a miniature comp^ 
trolled milling machine, a turret punch for sheet 
metals, and a newly designed robot will be added 
to simulate a fully integrated production facility. 

Cufnculum.— Freshmen be|^ with a cqursd on 
basic rriachine-tool operation and an overview of 
the primary processes and materials used in man- 
ufacturing. They are also required to take basic 
graphics or drafting courses from the design* tech- 
nology division and an ** introduction to Engineer- 
ing and Technology" course required of all tech- 
nology students. Sbphbnibre- and juiuor-year stud- 
ies focus primarily on tiie manufacturing processes 
courses that form the backbone of the ciirriculum. 
These processes include rhachining, welding, cast- 
ing, f or rhihg, molding, and heat-treating, and are 
supplemented by ** related" technical courses in 
material science, fluid power, and electronic con- 
trol, and **suppbrtihg" course^ 
erices, mathematics, physics, economics, and tech- 
nical writing. Sophomores and juniors also take 
courses in quality assurance, production planning, 
and machine-tool performance. 

While a number of the freshman- through junior- 
level courses include sections on cbmpUter-mdeid 
mariufactiiririg techniques,^achines, and proc- 
egges— most notably, the numerical control course, 
which contains a lengthy section bri cbmpUter-as- 
sisted p>rograihirig^it is riot until their senior year 
that students may begin to focus on the cinricu- 
lum's "minor option" in computer-aided design or 
manufactimng. At that stage, manufactu^ 
dents interested in desi^ or progr^miing may take 
advanced CAD courses from the design section br 
computer programing cburses from the computer 
science d^artmerit. lliose intere^ computer- 
aided manuf actur&ig ma^y take cburses in robotics, 
computer-aided materials handling,, cbiriputer- 
aided manuf acturmg systems, a^^ N/C pro- 

graming, N/C software development, and group 

technology. 

AH of the iriariufacturing cb^^^ 
ciated laboratory requirement,-rad students spend 
approxintately 56 percent of their time in the lab- 
oratories applying the theoretical material learned 
iri the classroom. AJl students are assigned a num^ 
ber of individual and group projects during the 



course of their studies. The pry' ects are de^^^ 
tb fbster analytical and creative problem-sdlying 
capabilities, to help the students understand the 
importance of proper desig^i and good manuf ac- 
turirig planning, andjo teach how to work 

as part of a development or production tearii. 

A number of these projects are coriducted as 
part of a sehibr-level course titled ''Manufacturing 
Develbpmerit Lab," which is designed to be the 
culmination of the students' training. Students in 
thi& course are expected tb use the concepts and 
skills learned in previous processes and planning 
courses to tool-up and produce usable products, 
to performin-depth manuf acturiiiga^^ 
gage in other prbductibri and planning activities 
ideritical^o those performed in industrial enyirbri- 
ments. Products produced by students in the de- 
velopment lab include an elect^ricaUy driven wheat 
mill arid parts for a miniaturized Jturret punch 
press to be used in the GAM Mini-Lab, tbgether 
with feasibility studies bri the riijmufac^ture of the 
press. Studerits have also participated in joint 
prbiects^with industry on plant layout and mate- 
rials handling, machinability studies, and group 
technology and riiaterial classification and coding 

studies. 

Erirbllmexit Trends^— Beginning with two stu- 
dents in 1960, the manufacturing techriblbgy prb- 
^am lias shown a relatively steady enrollment 
growth bver the past two decades. With a current 
enrollment of 180 students, the program, is ex- 
pected to reach its enrollmerit ceiling bf^SO stu- 
dents by 1985. The manufacturmg program has 
the lowest number of female students of all the 
technology programsjthree wbriieri are currently 
enrolled) and the highest riumber of transfers from 
bther departments^ In fact, very few of the Man- 
ufacturing Technology students enter the prbgram 
as freshmen; from 30 to 40 percent of the stu dents 
trarisfer frbrii brie of t^heengineering departm 
while the remainder come from a variety of other 
colleges and departments thrbughbut the univer- 
sity. 

Ari brigqing project within the manuf acturirig 
section is the developEQent and arigdysis of manu- 
facturing student prbfilp. This study shows that 
riibst riiariufacturing studentahave had from three 
to five other majors before taking up mariufac tar- 
ing technology, have ari average of 2^ years of in- 
dustrial exf^rierioe, and are 26 years old when th^ 
^aduate. A recent study of approxiriiately 30 
manuf acturirig seniors iridicates a number of sim- 
ilarities ariibrii[:thb^ studied: their major interests 
were in mechanical things, seeing things wbrk, see- 
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things work, tj^^ 
management and supervision^ and computer pro- 
gtaniitig. Asked to assess their own abilities, the 
students f ated themselyes high in ihveritive abili- 
ty, visualization of interaction among various com- 
ponents of a process, ability to do practical, 
*'hahds-bh" ehgiheerihg, ability to organize and 
schedule projects ^ability to inake decisions when 
not aH the facts are available; ^biBty to work xmder 
pressure, and ability to work well with people. 

Placemen percent pf each 

graduating class of manufacturing technologists 
find jobs in industry. Most graduates receivjB mul- 
tiple job offers at starting salaries that show a 
steady increase year by year. Although current 
salary information is not available; surveys of 
1980-81 graduates show ah average starting salaiy 
of $23,500, with salaries ranging from $21,000 to 
$27,600. 

The majority of graduates are employed in the 
automotive arid aerospace industries, heavy equips 
ment manufacturing, cqmputer-related produc- 
tion, and firms producing high-technology ord- 
nance materials. Among the companies most ac- 
Uve in hiring BYU mariUfactufing technology 
graduates are IBM, Texas Instruments, Ford, 
John Deere, Caterpillar, General Dynamics, Gen- 
eral Electric, Hughes, U.S. Steel, Hewlett Packard, 
Boeing, Lockheed, and Cummins Engine^ 

A large proportion of the graduates are hired as 
mahufacturihg engineers; others are classified as 
industrial engirieers, prpcess^engmeers, des^ en- 
gineers; quality-assurance engineers^ research en- 
gineers, arid production engirieers. A sigriificarit 
niiriiber go directly into management— m^^^^ as 
managers, some as management trainees: The re- 
mainder asBume a variety of positions and are 
hired as trainers, estiriiatbrs, N/C prbgramers, sys- 
tems analysts^ technical service representatives, 
prijduction^ schedulers, _and lab technicians. 

Desigri Erigirieeririg Techndlogy.^The desigri 
technology^rogram w tech- 
nology program in the United States to award a 
baccajaureate degree in desigri arid drafting* but 
also the first 4 -year program to at the 

engineering designer level by the American insti- 
tute for Design and Drafting (AIDD)** and, cQorig 

_* According to the (jg^gj^ t«hnoio^^ 
been forced to en^joy graduate engineers to fill desi^ because 
of industry 's growing need for qualilied ^chnical personneL The de- 
sign faculty viewed this process as "counterproductiye in view o|^the 
engineers* sophisticated training and^int^ests^' and deyejoped the de- 
sign technology program to produce graduate designers specifically 
trained to meet the industrioi need. 

**AlDD is a professional group organized to advance the state of 
the art in the industrial drafting and design commuhity. The institute 
has ah educatibhaJ arrn which certifies high school, technician-level (2- 
year), and baccalaureate l4-year) design programs. 



with BYU's ma^^ 

the. first 4-y£ar technology program tcrBlTaccred- 
ited by ABET. 

As the field of industrial draftirig arid desigri 
adapted to computer-assisted techmq the de- 
sign technology faculty attenipted, as best it 
couldi to ke^p pace with the rapid iridustrial Sd- 
yarices. By the early 1970 's, students in the deiigii 
technology program were using APT part-pro- 
graming language to complete manual program- 
ing arid batch prbcessirig exercises, keyirig the 
manually produced programs onto ji Fle^ 
which produced machine control tapes that were 
then verified bri a Gerber plotter. At the same 
A^cUlty mejnber^ Actively exploring 

ways of automating the design graphics processes 
in the prograrii by making contacts with industrial 
represeritatives, keepirig theriiselves iriforriied of 
the latest processes |uid their potential, am^ 
tending and speaking at professional gathering^. 

It was at brie such prbfessibrial rii$tirig-^ari 
Aro??J^Piy*^entibj^^ 

ty member was approached by a representative of 
Applicbh, a majbr turrikey computer graphics 
firrii, who had been impressed by his jlreseritatibri 
describing the design program's attempts to in- 
cbrporate industrial techniques into its (mrriculuin. 
As a result bf that riieetirig, Applicbri everittially 
donated^a computer graphics system^to tlie design 
program. The one-terminal AppBcon system was 
iristalled iri 1975 arid the faculty begari develbp- 
iiigj^oursework to i^^ de- 
sign instruction into the curriculum. 

During the past 8 years, the relatibnship be- 
tween Applicbri and BYU's desigri technology sec- 
tion has remained strong and has resulted in the 
donation of two new Applicon systems^ (one of 
which replaced the brigirial, already<>utdated, sys- 
tem). Iri_additioji, Jjecause of the ctirrictilar ad- 
vances made possible by the use of the Applicon 
systems for iristructibrial purposes, Cbriiputervi- 
sipri. _GE-Calma, and btjier CAD systems have 
either been donated by the producers or provided 
at a riiiriiriial cost to the coUege (see section on Fa- 
9i]j^i^i_^s §md cumctilurii 
currently taught at BYU would not have been pos- 
sible had the faculty been lesa successful in main-' 
tairiirig iridustrial cbritacts arid ericbilragirig iridus- 
try to_donate equipment^ _____ 

Program -Goals and Gbjectives,— The primary 
gbal of the desigri erigirieering techriblb^ prbgrarii 
is _*^ "expose the stuji^^^^ chaltenging opportu- 
nities in mechanicai design; including new materi- 
£Qs, techriiq[ues^ prGk^sses, etc., and thoroughly ac- 
guairit hirii wth the ctirrieiSt t^^^^ Tdeplbgy, arid 
tools of technical and computer-generated graph- 
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ics The educational philosophy that supports into computer-oriented processes on the |erflbr and 
thit goal is that "students mUst have a founda- graduate levels-the design curriculum focuses on 
tibn in theory, coupled with viable applications ex- computer-aided techiiiques and applications from 
perience, before education becomes truly meEinihg- the outset * All design students study^seven prm- 
ful " That philosophy, shared by the Other sections cipal areas-graphic science standards, problem 
bf the techriblOM department, sets the technology analysis, planning, design synthesis, evaluation, 
"curricula apart from traditional engineering cur- dbcumehtalSon, and apphcation-aHsu^^^^^ 
i-icula and resalts in an instnictibrial prbgram in by the computer systems in the school; laborato- 
whichfuUyhsQfbf the student^wofk is practical, ries. . . j = — 
"hands-on" experimentation and appHcation. The design program builds on the basic desiipi 
Among the technical objectives of the design and drafting skills and teovdedge developed m the 
program are the foUowing: 1) to familiarize the stu- required freshman and^sophomore courses cover- 
dent with basic problems in design development, ing the furidamentals of engmeering graphi^^ 
including documentation and production tech- ch^icM drafting (which mdude 
niques, precision dimensioning and tolerancing ing techniques), and prmciples of descriptive ge- 
(among these techniques are computer-assisted de- ometry. While computer-aided teclmigues are 
sign, parametric delign, and automation within taught as part of individual lower-thvisio^^^^^^ 
the design cycle); 2) to teach basic computer-aided half of the required courses for Juniors and semors 
design, manufacturing, and engineering (CAD, focus entirely oil computer graphics tod cpmputer- 
CAM, CAE) principles; 3) to assist the student in aided design. Twb of the six design courses re- 
becoming knowledgeable about the proper use of quired during the jumoryeai, for example, are: 1) 
modern prodnction tools, machines, and equip- : "Profession^ foaplucs ^ 

merit; 4) to aid the studerit in learning the basic Computer Graphic8,'^and^2)-Computer-Aided De- 

mtoufacturing processes and how to achieve eco- sign-Interactive Graphics 1.^ _ 

nomical production by selecting the proper proc- • ProfessionBl grsph^cs apphcati^^^^^^ the.- 

ess; 5) to acquaint studerits with riumerical con- development of computer graphics; covers the 

trbl systems tod their appUcations; and 6) to pro- furidamental terminolo|y, concepts, and 

vide students with opportunities to participate in ples of computer graphics; introduces the stu- 

actual industry-related design problems. dents to the uses and applications of 2- and 3-di- 

FaciUties and E^mpment.-At present, the en- merisiorial ^^1^^"^^^^ 

gineeringsciences afed technology building houses techniques.. Students m tbs coi^se s.tudy the 

four instructional laboratories coritaihihg ihterac- capabihties and functions ot Apple, AppUcon, 

tive graphics tod cOmpUter-aided design equip- and Computervision systems ^d co^Iete^^ 

ment- One of these laboratories, caHed "The Ap- oratory work focusmg on operational techmques 

pie tab, ' • coritains a total of 25 microcomputers required by^each^system. ^ iy™ ^ 

(including 8 Apples) that are programed to simu- • Computer-aided design-interactive grap^i^l 

late mtoy of the basic computer graphics func- provides students with a broad 

tions of Computervision or AppUcon systems. The range of engpai^rmgapphcati^^^^^ 

Apple Lab is used to train freshmen in the tech- ecuted on CAD systems;^trams them to execute 

nolbgy tod engineering departments in the basics veridbr-prepared apphcat 

of computer graphics. Students in more advtoced with engmeermg problems^and ^exposes them 

classes use sophisticated industrial equipment taCAD software development. Among tj^e^aj^ 

located in the Other instructional laboratories. phcatiofis tod techmques s^ 

That equipment incfaides two Applicon 885 multi- are fmite element modehng, di^tizing, param^ 

workstation IMAGE configured systems (eight ^tric programmg, numeric^ cont^^^^^ pro- 

wbrkstatibris); a CbmpUtervision CADDS three grammg, and detaihng 3-D drawmgs. 

multiterminal system; a Computervision CADDS in their senibr year, studerits are required to 

four multiworkstatibri system; a Calma DDM sys- take twb bther cbmputer-Oriented cotu^ 

tern, £ilsb multiterminal; tod a Tektr onix 4054 sys- * Basic computer-assisted part programing jpx(> 

tem used principally by electronics students. vides- students with a practical wbrking 

Cnrriculnm.- In coritrast to the mtoufacturihg 

technology CUrriculum--which stresses COnven- .This, according to design program faculty, reflects current practice 

tibhal mtoUfaCtUnn^^ and knOWieage m tne in industry. Where cad techniques am more widespread than CAM 

beginning of the programs and mbves gradually techniques. 
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•knowledge of APT programing techniques; 
g^ves theSi a frame of reference to help them 
to understand and implement compu^ter-aided 
design and manufacturing processes; and ex- 
plores the impact of APT and autbmatibh in 
general on the traditioiud techniques and 
philosophy of engineering graphics. 

^'^A^ PPJ^T^^^ explores CAD 

software development research t^hniques, 
programing, and operation of automated and 
coniputer graphic equipment with the object 
of acquainting^tudents with CAD databases 
and database manipulation tools.* 
In addition to the required courses, two gradu- 
ate courses in advanced computer-aided design 
and advanced CAD applications are open to sen- 
iors as elective courses (see section on Graduate 
Programs). 

Enrollment Trends.— The_ dBsigti .technology 
program has the hijghest enroUment of the Jtech- 
hblbgy prbgrams. In fact, with a 1982-83 academic 
year enroUment of 574 under^aduates, the design 
faculty is now in the position of having to intro- 
duce enrbllmeht cbntrbls to eventually reduce the 
number of design students to 300. The primary 
reason for adopting this measure is to enable de- 
sign students to spend a minimum of 5 hours a 
week working bh the CAD statibhs. Apprbximate- 
ly 3d of the design undergraduates are women^v^ 
ihg this program the highest percentage of female 
enrbllmeht bf all the techhblbgy prbgrams. 

A recent malysis of the enroUment figures (dbhe 
when the enrollment totalled 555) revealed that 77 
bf the design students were freshmen; 119 were 
sophomores; 155 were jumorsj and 204 were sen- 
iors. The relatively smrfl number of ^freshmen and 
sbphbmbres does not reflect an enroUmerit decline 
?^^A^^^Pw^^r^_yisi_bn reflects a 

general enrollment trend seen in all of the sections 
bf the technology department of upper-division 
transfers from other dis^^ 

Placement.— Like the other BYU technology 
prbgrams, the design program has a placement 
rate apprbachihg 99 percent. With bhly bccasibhal 
exceptions, those who do not accept immediate 
ernployment in the design jSeld go on to-graduate 
schbbl br ihtb the rhilitaiy. One reasbh fc^the high 



_.*Stu dents are also requ ired to take_a npncredi t ''pe^sign Tecjm^ 
Semin ar ' ' each se mes ter . Senun ars are h eld twice a month .On ce eac h 
month the desijgn technology student^ wi thjajl students in the cpl* 
A° ott®"4 J^_^Ki."eenng CoUege lMtu re covering a recent topic 
In engineering: the other monthly meeting addresses recent develop* 
ments m computer-aided engineering and is specifically geared for de* 
sigh students. 



placement rate is that the faculty actively encour- 
ages students to wbrk in industry to get applica* 
?^bji experiej^^^^ gbing bh to jgraduate work. 

Most students receive two or more job offers, and 
program graduates have been ernployedjn the fol- 
Ibwiiig firms (tb list but a few): Sahdia Labbratb- 
ries. General Ejectric, Texas Instruments, Bo^ 
AppHcon, iSarrottCorp., John Deere Product En- 
gineering Center, Hughes Aircraft, General Dyha-- 
mics^Sigtietics, U.S. Steel, Martm M 
ox Corp., Calma Co., Bechtel Power Corp., West- 
ihghouse, Rbcketd3me, arid Motorola. 

The ihajbrity bf graduates are emplbyed in en- 
gineering positions directly after graduation. Spe^ 
cific occupationcd titles assigned by the hiring 
cbmpahies include the foUbwing: design engineer, 
CAD appUcati^ns engineer, process engmee^ 
ufacturing engineer^ CAD/CAM engineer, compu- 
ter engineer, rocket design engineer, sbf tware engi- 
neer, j>rbdUct design ehg^heerj, ass^^^ 
neer, and engineer. Others are employed as CAD/ 
CAM programers, software analysts, tool design- 
ers, CAD suppbrt techriblbgists. cbmputer graph- 
ics specialists, and CAD/CAM consultants. / 

A^riumb^r of graduates are hired as CAD or 
CAp/CAM managers br as iriariageirierit trame^^ . 

§ growing ntm are hired as CAD/CAM 
trainers. Another growing occupational opportuni- 
ty for which design graduates are well prepared 
is technical jnarketmg^ sUppor number bf re- 
cent design graduates have been hired as technical 
persbririel who accompaiiy eq^uipriierit salespeople 
to answer the custbm^^ questibhs and 

to help them make realistic appraissds of whether 
or not CAD and CAM equipriient will perform de- 
sired functions in specific ehyirbriirierits. 

Graduate Programs.— In 1977^the^technology 
department established^ M.S. program in com- 
puter-aided mahufactunng. Now retitled cbmpu- 
!^^"^?^ff^^^J5^yi^ct^^ thia program 
currently offers separate options in CAM and 
CAD arid may in the future offer an option in com- 
P^t6j^"J^_46d^t^^^ (Q AT) for those s tudeh ts spe- 
cializing in advanced electronics applications. The 
reriariiirig of the CIM program riot only made sp^ 
cific optibns in design and niwufactiiririg available 
but also emphasized the thrust of the jprpgram, 
which is to j)rovide students with training in the 
use bf specific cbmputer applicatibris le,g,, rbbotics 
and group technology) as tjie basis for the study 
of integrated manufacturing where a variety of 
cbniputer-aided equipment is linked in a distri- 
buted system. 

- - One unusual feature of the CiM program is that 
over half bf its students are prbfessibrial erigirieers 
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and managers employed by the Western Electric 
._eb., who attend cbriderised, intensive versions of 
the' regular school-year courses for 5 weeks each 
summer over a period of 5 years. The remainder 
of the students enrolled iii CIM are full-time grad- 
uate students. At present, 3G full-time students 
and 60 Western Electric engineers are enrolled in 
the program. The first mght Western El^^ 
students completed their coursework during the 
spring 1983 term. 

In the fall of 1983, the technology department 
began to offer another graduate de^ee prograin 
in technical mamajgemen^^^ 

ing is the result of a cooperative effort between the 
CoUege^f^ingineering-Sciences-and the School of 
Management, and will combine MB A courses with 
technical electiyes from either the technology 
department or the traditional engiheerihg depart- 
ments. Students choosing to supplement manage- 
ment courses with technology coursewoii^s^^ 
sue the technology management option, while stu- 
dents electmg to take coursework from the 
engineering departments will foUoW the engineer- 
ing management^ option. 

Since the technology/engineering management 
program has not yet been off ered, the remainder 
of this section JviU be^evoted to^the program in 
cbmjsuter^ntegrated manufact^^ 

Program Goals and Objectives: Cqmputer Inte- 
grated Manufacturing.— The major goal of the 
CIM curriculum is to prepare graduates to inte- 
grate computerized systems in manufacturing en- 
vironments> and to do so with a high degree of ef- 
fectiveness. Specific objectives defined to support 
that goal are the following; 



- to instruct students in tile principles, ele- 
ments, philosophy, & . techniques of effective 
manufacturing system design; 

• to aid students in develbpiiig^the ability to in- 
tegrate computerize to solve prac- 
tical, recurring problems; and _^ ^ 

• to provide guidance to students completing 
the M.S. thesis requirement, which involves 
an in-depth study of a social, ecbnbihic, or 
technical aspect of computer-aided manufac- 

_L turihg systems. 

Entrance Requirements.— The program is 
specif icatiy designed for students with recent in- 
dustrial experience who wish to develop special- 
ized skills and knowledge in technical and mana- 
gerial aspects of computer-aided raahufacturing 
and design. Applicants must, therefore, have at 



least i year of relevant industrial experte^ 
Other entrance requirements include: Ij a bache- 
lors degree in engineering technold^, or, with the 
consent of the department, a B.S, in an allied dis- 
cipline such as en^eering; 2) evidence of com- 
pleted coursework in manufacturing processes, 
materials science, design and graphics, electronics, 
computer programihg, physics, _and calculus. 

Faculty, Facilities, and Equipment.— Graduate 
courses are taught by approximately two-thirds 
of the technology faculty. FaciUties and eqmp^ 
are the same as those available to imdergraduate 
technology majors. , 

Curacula.— Both CIM options are stnictured to 
accommodate industrial requirements and to pre- 
pare students for^advanced wortin computer- 
aided design and nianufacturing. While students 
may createindividually focused cations within the 
two formal options (CAD ^and CAM), specified 
courses are required taform'a foundation on which 
to base the individualized program. __ : 

CAM Option— Students choos to specialize 
in computer-aided manufacturing take the fbUbw- 

iiig courses: ^ ; :i — ^ * , 

• eomputer-aided facility design mid materials 
hahdZizi^— theory : and appfication^f plant lay- 
out techniques, emphasizing materials handl- 
ingsystems. : _ 

• CATC part programng^ 

niques and requirements for the manufactur- 
ing of components oh cbmputer numerical 
control machiriiril; centers, emphasizing pro- 
graniing, applications, and software develbp- 

ment. ^ 

_ •_6roug^te^^^^ 



practice SppUed' to'workpiece-classification- 
and-coding and statistics, productibh in man- 
ufacturing cells, design retrieval, and gener- 
ative prbcess pjanmng (aU with an emphasis 
bh computer appfications). 
• Compui^r'^de^ manufactw^ 

sic ac tivi ties, elements, and j)rinciples of com- 
\ puterraided ^m£mufacturmg,__^ 

minology, systems integration, architecture, 
database developments interfaces, and com- 
puter hardware/software requirements. 

*THe only exception to this requirement ia that itudenta whb have 
c&mpleted a year of cooperative education experience [which, in actu- 
ality; is only 8 months of work _exp«nence) a^^^ eligible to apply. The 
tbchnoldgy faculty. howBVer^actjvely encoiu-agea t^hndog^ 
uatea contemplating this Mvjmcod degree to work fuU'time utrndua- 
try before applying jd order tpKain a practical underatandmg of indus- 
trial pfocticea before beginning graduate work. 
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• Inipjstrial robotics^ 

of robotics, indastrisd appHcations, program- 
ing, economic justificatibn, and iritegratioh 
. with j)rdductidh 

Students are also required to take a course in 
computer-aided design (see below) and a graduate 
seminar, and may choose from a number of sehibr- 
and graduate-level man^ ^^sign, and 

electronics technology courses or courses in com- 
puter science, mechanical engineering, or business 
mianagement to cdmjplete their dptibri. 

CAD Gpt/on.— Students taking the computer- 
aided design option are also required to take the " 
manufacturing techhblb^ cburses in group tech- 
nology and computer-aided tnanufacturing sys- 
tems. Two advanced (SAD courses are also re- 
quired: 

• Computer-mded desi^^ 

3— CAD systems management philosopJiies, 
including systems evaluatibh, cbst justifica- 
tibn, pr bcu remen t procedures, Jmplemen t a- 
tion, and management/operator trfdning 
programs. 

• Advanced CAD appifcatibns— philosophy, 
methods, and application^ of engineering 
techniques pertaining to present and future 
trends of finite element and solids modeling; 
complex numerical cbritrbl methbds. 

Elective coursework may be chosen from all 
three curricula of the technology department, the 
computer sciences department, and the mechanical 
engineering departme^ _ ___ 

Eiectromcs Technology 6oa2:sework.— Although 
there is, at present, no formal electronics bptibn 

*^^6 CIM program, a number of ujiper-lev^l g^ 
graduate courses that focus on computer-aided ap- 
plicatibhs and techniques are available tb students 
in the CIM prograrn. Ambhg these are cbmpiiter- 
aided testing and instrumentation, electronics fab- 
riction and assembly, and real-time sensing and 
control.* 

Research.— All CIM stud are required to do 
research and write a thesis. preferably on a prac- 
tical aspect br application of cbmputer-ihtegrated 
mmiif acturin systems. In Jiractice, areas of 
research have been very broad. A number of stu- 
dents participate in ongoing faculty research, 
while bthers initiate independent researc^^ 
in subjects such as selection of CAD equipment, 
CAD training, CAD system performance, corhpu- 
ter-aided materials selectibh, carbide selectibh, 

'*Th^ 'IW^'TJrP^ Sen'sing and Contr^^^^^ course focuses on writing com- 
pu Lor 1 angu age for conipu ter operations that run in real time ( i.e. , are 
not 9Lort»d hy the computer and computed in a batch mode). 



finite element mq^^ _^uji9m ate^^ 
solids modeling, software quality assessment, and 
the cost of product quality and its relation to mar- 
ket share. 

The Western Electric Program.— In 1978, Brig- 
ham Young became one of ahandful of universities 
participating in Western Electric's *\Oh-Campus 
Summer Pr^o^am West- 
em Electric employees with the opportunity to at- 
tend graduate school bh-campus for 4 to 5 weeks 
during the summer for a 5-year peribd. While the 
other participating universities— including Clem- 
son University, Kansas State University, New 
Mexicb State, Purdue, Texas Tech University, arid ^ 
the Umyersitj^ of lUmois— offer a variety of ad- 
vancedrourses, some of which focus on CAD. and 
CAM, Brigharii Ybuhg is the bhly one to bffer a 
degree program in cbmputer-ihtej;rated r^^^ 
turing. /Although Western Electric does not re- 
quire the 6G employees currently attending BYU 
to enroll formally iri the CiM degree prbgrarii, 
almbsTall have chosen to do so. TlKJse who^formal- 
ly enroll in the program jnust complete the same 
thesis requirement as all regular CIM graduate 
students, and all_ of _the Western Electric 
employees receive the same classroom instruction 
and labbratbry practice. Each sunuher, twb 
cburses from the CAM bptibn aiMB restnjctured to 
fit into an intensive 5-week period so that students 
complete the equivalent of two i4-week courses. 
The first eight graduates cbmpleted their studies 
in the summer of 1983, and two or three additional 
students were to complete their degrees by the end 
of the year. 

Western Electric covers all of the students' for- 
mal costs— including fees, tuition^ housing, and 
books-— and also reimburses BYU f br the salaries 
bf the Techriblb|y faculty arid staff, arid for equip- 
ment use^and i^mntenance. _ ""^ 
__ jEnrotiment Trends, Attrition,^nd Placement.— 
While the number bf Western Electric engineers 
offkiadly eriroUed in_the CIM prog-am has gone 
as high as 60, academic year enrollment is limited 
to 30. Of the 30 students currently enrolled in the 
academic year fH*bgram, approxim twchthirds 
are graduates of BYU and over half are graduates 
of BYU technology programs. Many CIM stu- 
dents take leaves-bf abserice from their companies 
to take the coursework, and attempt to complete 
tlxe thesis requirement after returning to their " 
jbbs. This practice is the pririiai^ cause bf attri- 
tion (approximately 33 percent), which often oc- 
curs after the coursework has been completed and 
when students return tb work-rather than reriiaih 
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Dri campus to write their theses. The placement 
rate for e!M graduates, on the other hand, is 100 
fiercent. Average entry-level salaries received by 
CIM gradutes rangefrom $27,000 to $33,600, al- 
though some program^graduates have received of 
fers as high as $50,000. , 

Industrial Affiliations 

The technology faculty operates on the philqsb: 
phy that, in meeting the heeds of industry it ^i^ 
meeting the needs of its students. The discussion 
in the preceding section has brought out a number 
51 ways in which the faculty has sought ipd^^^ 
advice, secured industngd donations, and engaged 
in research that is either industry-oriented or con- 
ducted S cooperation with industry. The follow- 
ing paragraphs describe sp^dfi^^ formal channel 
through wliich the technology department commu- 
nicates with industry and discusses the depart- 
ment's position on the formation of aii industrial 
advisory council. 

Channels of Communication.— The technology 
department participated with the other depart- 
ments in the college to form the Alliance With in- 
dustry Program in 1981. The 20 companies who 
participate in the progr^*_each provide ah an- 
nual contribution of $10,000 or moje to supp^^^ 
the college's research and educational programs. 
Benefits to the industriaLpartners include the fol- 
lowing: 1 licenses for software developed by j:ol- 
lege faculty (ihcluding Wg^tw^esolution g^^ 
software developed by a member of th^ engiiieer- 
ing faculty), 2 j research results in methbdplogy 
and applications, 3) help ih solving sped^^ 
trial problems, 4) semin^s for technical personnel, 
and 5) access to BYU^aduates skilled in compu- 
ter-aided techniques. Benefits to the coUege^ aside 
from dbnatibhs of funds and equipment, include 
industrial advice and interaction^ and the oppor- 
tunity to do research on cihrent ihdustrial prob- 
lems. 

Apart from jts participation in the coUege-wide 
alliance with industo^, the technology di^artmehj: 
has also formed indepehdeht alliances. Each year, 
the departrheht holds two DCLASS conferences, 
ohe for users who have Hcensed the software and 
one for nonusers who are cohsidenngjpurchasing 
a license. The users conference provides a forum 
for the exchange of ideas and the presentation of 
new DCLASS applications; the hoh-users cohfer- 



•These include B. 1='. Goodrich. Boeing. Digital Eauipment Corp,. 
Evans & Sutherl^d. Garrett Corp:. Hewlett Packard. Exxon. GE-Cal- 
ma. Genrad, GTE. and Corhpiiterviaion. 



ehce ihcludes an initial orientation followed by 
demonstrations, workshops, and presentatiqhs by 
industrial representatives who DCLASS and 
by techhblogy depairtment faculty. 

The Manufacturing Consortium that supports 
the development of CAST holds twce-yeaily meet- 
ings to review and approve the ins tniction^^ 
ules as they are completed. The industrial mem- 
bers of thcL consortium also provide fihahcial re- 
sources and technicfid ihfonhatibh 
turihg processes which are the subject matter of 
thejnstructional packages, and the ^educational 
members write the software, particijiate in the 
review process, and belp to evaluate the teach- 
ihg/learriihg process employed. - 

The WeitlnrEIggtncrprogram described earher 
S this study gives the technbkLgy facility an op- 
portunity to work intensively with engineers and 
technical personnel, and faculty leave prbgraihs 
allow, faculty, members to rehew their working 
knowledge of industrial practices by acceptihg 
shbrt-term employment in industry. In additibh, 
all faculty members take at least bhe trip a, year 
to attend meetings bf Jjrofessioual and technical 
societies. Another fruitful channel of communica- 
tibh is provided- by industrial visitbrs. Literally 
thousands of indiistrisi represehtatives visit ^ 
department eachyear— some to view the facilities 
ahd_ equipment, some to deliver or attehd semi- 
nars, and many to ask advice bh cbmputet-aided 
equipment and methods. 

Evaluation of Present and Future Capacity 

When asked to evaluate BYU's techhblbgy pro- 
grams on the basis of the skiUs ahd ability of their 
graduates, bhe employer replied: "Gn a scale of 1 
to 10^ I'd rate them 10.1 _Other employers con- 
tacted agree^ noting that BYU graduatesLhot oi^^ 
have ''just the:right^ucation^'' but often reqi^ 
less on-the-job prienEation trdning than tradition- 
ally educated engineers, and are sJsb more ma 
and more willing tb work extra hours and at odd 
hours than most engineers fresh^ut of college. 

The Rodcy Road to Success.— Evaluated with 
respect to its own stated gb8dbfj[reparag s^^ 
dents for pbsitibhs requiring appH^^ 
process planning, and systems management skills, 
the BYU technology department clearly j 
successful. Its present catsacity ta provide its 
students with^he CAD and CAM skills ^sought by 
increasing numbers of industrial firmf Js^erhaps 
best described by the adage, ^'success breeds suc- 
cess.*' Because the faculty has been able to obtain 
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industrial donations, state-of-the-art equipment, 
industrial advice, and real-world research problems 
for its students to work 0^^ technology grad- 
uates are sought after by industry. And because 
of the graduates' success in industry and the facul- 
ty's achievements iii research, the teclm 
partment now has more offers of equipment and 
industrial research projects than it can handle and 
is in the pbsitibh of giving advice to companies less 
techridlo^caUy advanced than it is. 

A look at the history of the. technology depart- 
ment since its inception in 1960, however, reveals 
that its preserit-diay su^^^^^ A^ory ^ew ou^ of^a 
Cinderella tale. When the baccalaureate programs 
were first established^ and for many years after- 
wards, the members of the technology fac^ 
themselyes as '^underdogs." They were looked 
down upon by many of the engineering faculty, 
and unrecognized by most bftthe rest of the umyer- 
sity, and their 4-year jJi^grams were often, con- 
fused with the 2-year technician programs also of- 
fered by the technology department at that time. 
Indus try-brieri ted and intent on filto the gap 
created by the increasingly theoretical focus of 
traditional engineering education, the techhblbgy 
department resisted promptings by^ engineering 
societies, accreditation agencies, and some of the 
college faculty to **add more courses the students 
wbuldn't need in industi^ in brder tb become ac- 
credited—it wasn't worth the tradeoff.'' 

Eventualiy^ the Jnanufacturing and design pro- 
grams—which substituted appUcatibh-brierited, 
labbratbry-based cburses ^or J;he^ most highly 
theoretical coursework in enginegrmg disci- 
plines—became the first accredited techhblbgy 
prbgrams in the cbuhtry. Although accretlitation 
was beneficial to both the students ^d the facul- 
ty, it did not solve their problem of being Iboked 
upon as either secbhd^rate engine^^^^ 
technicians. However, the department's industrial 
focus and the faculty members' desire to prove 
that neither they hbr the discipline of teclmo^^^^ 
were *J)bor relations" were significant factors in 
the department 's early concentration on computer- 
aided design and mariufacturihg. 

Because the grb^grams were designed to teach 
state-of-the-art industrial skills and applications, 
the faculty began exploring ways bf bbtainirig 
equipment arid iricbipbrating^pr 
mation into the curricula apprnximatelyJtO^ears 
ago, when it became clear to them that CAD arid 
CAM would eventually becbme required fields^qf 
knowledge. Fuj-thermore, because the programs' 
curricula were not bound by engineering accredita- 



tibri requireriierits, which aUbw UtHe space in a 
4-year cimdculum for the inclusion of new courses, 
coursework focusing on GAD. and GAM cbuld be 
incorporated iritb the techriblbgy' curricula with 

relative ease. 

The final hurdle for the technology department 
was industry itself. Faculty members went from 
cbmpany to cbri[ipariy iri the early 1970 *s, but did 
not succeed iii obtaining donated or reduced-price 
equipment until they proved their genuine interest 
arid capability by dembristrating tb Applicbri that 
their students were doing all that could bejione . 
to automate the drafting courses with the limited- ' 
equipment at their disposal. It was at this stagey 
wheri the departriierit received its first niaj or dona- 
tion (the Applicon CAD system) that Cinderella 
was allowed to try on the glass^lipper. The other 
slipper— a $130,000 Kerriey & Trecker CNC mill- 
liijS_?i4chine, which the company sold to the de- 
partment for $5(3,00(3— was fitted shortly there- 
af tej^^ These two significant equipriierit additibris 
eriabled the faculty tb begin t() inc^^ sophis- 
ticated computer-aided techniques into the course- 
work; they also encouraged other firms tb dbnate 
furids arid equipriierit. 

Techiidlbgy and Eiigiiieeriiig:' 
InterdepaHitieiital RelatidiisUips 

V Once it "proved itself," the situation of the tech- 
hblbgy departriierit iiriprbved bbth iiiside 

. side the university. Although perifect accord be- 
tween engmeermg and technology faculty merii- 
bers is not always achieved even ribw, the vast ma- 
iqrity of faculty m^ in the college view 

engineering and technology as partner-disciplines, 
both of which are fiecessaiy to provide the broad 
spectrurii of educ atibri and^ training required to 
prepare graduates for engmeering and engineer- 
ing-related positions in industiy. Civil, riiechariical, 
arid electric al erigin^ring^ s tUderi ts are now re- 
quired to take design technology courses, and 
many ongineering students take cburses frbm all 
three techriolb^ prbgrariis as technical electiyes. 

T^chnology^ students were always reqiured to 
take engineering courses relevitit to theirmajor 
program^ arid a ttod tb a half as riiariy physics, 
cjiemistry, and mathematics courses as engineer- 
ing students. There has beenJimited discussion 
about iricreasirig the number bf statics, dyriamics, 
arid strerigth-bf-materials CQ^Tses taken by^te 
nology majors to equal those taken by engineers, 
and there is some discussion about iricreasirig the^ 
numbers of physics and matherilatics cburses in 
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the technology curricula.* As the cbnimbh 
tweeh techndlb^ and engmee curricula grows, 
more and more students and faculty perceive the 
difference between the two disciplines to be brie 
bf approach and mission, rather than one of level 
of education. 

Computer- Aided Engin«eriiig» Design^ 
and Manufacturing (CAEDM) Committee 

Both technojogy and engineering faculty now 
feel that they have an excellent relationship with 
each bther, in cbritrast tb the situatibri in many 
other umversitjes which have both programs. The 
CAEDNl Committee, created in 1980, provides a 
. formal channel of cbmmuriicatibn between the 
techriblbgis ts arid erigmeers, Jmd IL^umber of pro- 
fessors in both departments coordinate research 
projects in which technology and engineeririg 
graduate students work tbgether jis part of a re- 
search team. College faculty believe that this team 
approach has a great deal of significance for aca- 
demia and industry alike,** 

The B YU techriblbgy -d^p pri- 
^:^mar-y focus is on the implementation of engineer- 
ing designs— has been instrumental in increasing 
the engineeririg departriieritsVawareries^^ 
need to produce industrial designers who are more 
cognizant of maimfacturing concepts and require- 
ments. One tarigible exariaple bf interdepartmen- 
tal CTOj]^ratiqn m tW is a CAEDM-sponsored 
short-coiarse for faculty and students delivered by 
a representative from GE, which has instituted a 
versibn bf a Japcaiese proce^^ 
neering designs on the basis of ease ^d efficien- 
cy of assembly. Another example is the work nbw 
being dbrie iri the CAM Mirii-Lab^where^^^ 
and mechanical engineering students, computer 
science students, and technology students all par- 
ticipate in projects addressing the mfimuf actti^^^ 
process from design to production and the prob- 
Jems of networking diverse GAD and CAM equip- 
ment. ' ^ 

♦There is some disagreement nmDng the techiiolDgy- faculty. oji_ the 
issue of increasing the ronth and physicA CDUrsea, _which_would entai] 
either extending the technology cUrrjculA beyond th_e liriiits^^^ 
pf ogf nms, requiring. studenLs to _tak e more, cou rses _each _sejrnester, or 
dropping cQurse.s_ that the majority of the faculty consider to be essen- 
tiaJ_fDr technologists, 

• • A perennial _pro Wem Ln indu s try h as been lack _o f conimunicati o n 
between _nneers_whp design the products and the manufacturing de^ 
portm_e_nts_r /sponsible for production. Because of this jack of commu- 
nicnti o_n, and Socause ongineers normaijy receive li ttle f o rmtd e^ucf tion 
in the requiren "nts of the manufacturing process, industrial desig^ners 
of te n fail to tak e anu f nc turing reqairemen ts into a ccou n t w he n design - 
ing n product— a procedure that can lead to loss of money, loss bf pro* 
ductipn time, oriin the worst instance) a product which cannot be man- 
ufactured. 



The techriol^qgy dep^ also stimulated the 
engineering departments* interest in CAD arid 
CAM, which, in turn, was a stimulus for the cur- 
rent focus on computer-fiddled engine^ 
The college as a whole has also benefited from the 
industry interest generated by the techhblbgy pro- 
grams and gyadufiites. Much of the <x|mpjiter:fiad 
eguipinent obtained by the technology department 
serves the entire college, and the engineering de- 
pfiirtments have now obtained computer graphics 
arid computer-aided data acc[Uisition and analysis 
equipment through industrial donations and coop- 
erative agreements with equipment mahuf actur- 
ers. In addition, the growing^ reputation the 
technology department in industrisd circles has 
brought in interviewers from across the country 
who hire engineering as well as technology 
graduates. 

The Affiance With industry. Program, formed 
under the auspices of CAE DM, brought the uni- 
versity $1 ,858,000 in mdus trial equipment a^^ 
funds used to augment the computer-sdded capa- 
bilities of the college. In April 1983, CAEDM 
hosted a conference for 380 representatives 
120 universjties across the country who are either 
plaiming or deyeloping programs in computer- 
aided manufacturing, design, md engineering. 
Tl^ty speakers from 25 umversities that have ini- 
tiated such progrsDtns gave presentations on the 
approach taken at their respective iristitutibris; 
arid aU of the partidpants had the opportunity to 
discuss common problems, individual experiences, 
and appropiate strfiitegies. The bbject of the cbri- 
feerice, called University Prbgrfim 
Aided Engineering, Design and Manufacturing 
(UP CAEBM) was to increase cbmrnunication 
ambrig universities arid to provide impetus f or tli^^ 
implerneritatibri of teaching and research pro- 
grams in CAD. BAM, and CAE. 

Prbbleins.— While cbbperative erideavbrs like 
tbbse mentioned above have broug^ 
of the technology and engmeeringdepariments to- 
gether, the college is nbt entirely free bf the tradi- 
tibrial misuriderstariding^ ^9J^S J^J}^^^^^P 
technologists. Some of the technology faculty stiH 
hear the scars oi old bfiittle wounds and refer tb 
the "arrbgarice" bf the erigirieeririg discipline as 
a whole, and^o the "old boys* club** atmosphere 
that links engineers nationwi de a nd e xc l u des-tech- 
nblbgists. They cbnsider their own cbUege ed^^^^ 
tibri in traditional_ engineer to have 

"mistrained** them, for industrial occupations. 
Some engiheerihg faculty, bn the bther harid, r^ 
sent the fact that most tecli^^^ 
graduates are classified as "engineers** when they 
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move into industry; they fear that such graduates 
may be **misrepresented** as degreed engineers. 
Another problem for the erigirieeririg faculty is 
that a num^ber of visitors from industry and aca- 
demia overlook the computer-aided engineering 
facilities and devote their e^ attention to the 
CAD and QAM faciHties^f the technology depart- 
ment. The resentments on both sides are, however, 
gradually being overcome by the spirit of cbopera- 
tibri that now e^dsts within the cd^^ T^ly ^6 
but pale reflections of national tensions between 
technologists and engineers... 

Working With Industry.— Having designed its 
jy'Ograffls^to respond to industrial neeids and hav- 
ing concentrated x)n industrially oriented research, 
the technblb^ department is now able to work 
with industry on many le^^^ suc- 
cess of the Western Electric program and the sat- 
isfaction of the Western Electric employees who 
attend the summer sessions indicate the suitabili- 
ty of the technology curricula J:o cuirent industrial 
needs, as do the multiple job offers received by 
technology graduates. The Rowing number of 
companies purchasing DCLA,SS Ucerises and 0% 
hibiting interest in the CAST system indicate that 
the research performed by technology department 
faculty and students also fills an industrial heed. 
Some faculty members, in fact, are in the position 
of being able to pick and choose from a large num- 
ber of potential industrial research projects- 

Pj^^^se of the similarity of interest between 
technology department faculty and professionals 
ih industry, and because of past success in re- 
search aimed at _sol^^ng current in 
lems. individual faculty members have been able 
to engage in long-term research projects resulting 
in a number of shorter-term benefits to industry. 
DCLASS, for example, is now put to use by a num- 
ber of firms for classifying and retrieving informa- 
tion and for generating process plans, time stand- 
ards^ and a number of other applications. At the 
same time, the creator of DGLASS is conducting 
Ibn^-term research intb the pbteritial use bf 
DC LASS as a systems integration tool. 

Revenues from the sale of DGLASS Hcenses 
have helped to buy equipment and renovate facil- 
ities arid may soon be augmerited by the sale of 
Cast training modules and the CAD training 
aides that allow Apple computers to simulate in- 
teractive graphics systems. In mariy ihstarices, the 
department has-been able to save the expense of 
maintaining computer- aided equipment by writ- 
ing sbftware prbgrams for equipment veridbrs in 
exchange for mairiteriarice services. 



The major problem-area still remaining for the 
technology department in respect to working witfi 
industry is the attitude taken by sbihe firms 
toward the occupational categories appropriate for 
technology graduates. This is discussed in the fol- 
lowirig sectibn. 

__F_^ture Capadty.-— Judged by its present suc- 
cess, the direction of the faculty's rese^ch, and 
its detefminatiop to maintain its awareness of in- 
dustrial needs and techniques, the future pbteri- 
tial of the technology^department to 
ducing well-trained graduates versed in compater- 
aided techniques arid fariiiliar with a wide range 
of cqriiputer-md^ed equips high indeed. 

The major limitation is the small size of the depart- 
ment— which, because of enri)llment control, will 
becdriie smaller still—arid difficulties ericouritered 
in managing the growing numbers pfic^omputer- 
aided systems, which entail coordinating frequent 
upgrades arid updates with the student need for 
equipment time. 

Although college and tmiversity administrations 
have been generbus in assigning funds to upgrade 
bid facilities arid build new bries for the techriblbgy 
and engineering departments, the technolo^ de- 
partment's resources cannot expand to accommo- 
date all of the activities it would like to engage iri. 
For example, a nmnber of compaiiies Jiay^ re- 
quested that the department operate programs for 
their eriiplbyees bri the model bf the Western Elec- 
tric Jirogram^ The dep has had to turn 
down these requests for lack of resources, it will, 
hbwever, attempt tb offer a series of 2-day to 1- 
week seriiiriars fbr industrial eriiplbyees fbcusirig 
on computer-aided design and manufacturing. 

A general policy of the department and of the 
university is tb sacrifice size for q[uality. The new 
enrollment control procedures, for examp ef- 
fectively close off enrollment for the Design Pro- 
grarii fbr the next year or two, but will also result 
in more C A D-terminal-tiriie f or thbse^ stli dents al- 
ready enrolled. Of the three technology prografiis, 
manufacturing ^hibits the greatest capacity for 
future erirbllriierit grbwth (studerit iriterest has 
been fueled by the national interest in productivi- 
ty and the potential of computer-aided manufac- 
turing), wWle the electrbriics prbgram has the 
@-eatest potential for expandmg^i^^^ 
include new courses focusing oaxiomputer-aided 
equipment arid techniques. The Electrbnics facul- 
ty_has ^^ady acquired six H P87XM cbriipu ter- 
aided test stations to be used as personal instru- 
ment systems, and a Tektrbnic 4054 computer 
graphics systerii for pririted circuit bbard design. 
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Future departrherital plaiis call for ah EC AM 
(Electrpnics-C AM ) minilab to established in the 
new technology buHding when it is completed. 

The technology department^ in cbbperatibri with 
the mechanical engineering^ depart 
electrical engineering department, developed a pro- 
posal -for a three-element graduate program in 
manufacturing systems in response to IBMX_^" 
hduhcemen t that it wouid pro vide/colleg:e and uni- 
versity grants for the development binew curric- 
ula in manufacturing techniques. BYU has re- _ 
ceiyed notice that it has been/ awarded a^^^ 
4341 computer system with le/eADA^t graphics 
terminals. This system will h^ve a significant im- 
pact on the capacity of the thi^ee departme^^ 
of the cdUe^e a whole to train more students 
than they can presently acconunodate. 

The technology department's potential capaci- 
ty to provide education in jjf ogf ammable automa- 
tion is riot entirely limited by the size of the depart- 
ment, if one considers the indirect impact of the 
progreuns as models for other schools, the wilHng- 
hess and abUity^ qi^th^faculty to provide informa- 
tion to academia and industry alike^ and the poten- 
tial of-the-computer-m simulation training 
packages and the CAM^Mim/L concept. 

BYU T^hnology Programsjas Models for Other 
EducaUotial Jnstitutions.— The manufacturing 
techndlpgy prbgreim has been used f or jnany years 
by the Society^of Manufacturmg Engineers as a 
recommended model for 4-year nifiuiufacturirig pro- 
gr£uns. In addition, representatives of 15 to 20 col- 
leges and universities visit the BY\5 technology 
department each year with the expressed intention 
of treating their own programs pri the BYU model. 
t Techriblpgy d^epartm^^ representatives 
offer the f oUowing conmients on the feasibility of 
such attempts. While they have personal knowl- 
edge of a number of successfuljpnDgj^ 
on their own, they point out that the crucial re- 
quirements for a progTjam like theirs are often met 
only with difficulty. The first requirement, from 
their poin t of view, is the necessity of * 'giving up 
the title of manufacturmg engineering in order to 
give industry what it really wahts.*\Tlus is a step 
that a number of erigiiieering schools do not wish 
to take.* 

0nce this step is decided upon, other pitfalls ex- 
ist. One is the tendency of some jchq^^ 
manufacturing technology programs in the depart- 



_*A_ccordin&to one technology instructor. "You can't take a -true-blue 
tbegreticaj engineer and expect him to teach techholdgy; If you do, 
there's a danger that the faculty wiUniako the technology courses too 
theoretical and the students wlU wind up with a pseu do- technology de- 
gree. " 



ment of mechanical engineering and tcf offer them 
as bptibns. The danger here, accbrdmg tx) BY^ 
ulty, is that Uie tedmology^^p^ 
ly to become a watered-down engineering program 
rather than a parallel-track program. Another ne- 
cessity is that each course in thej:i^ 
companied by an associated laboratory require-, 
ment. THs means^. of course,^ that appropriate 
equipment and facilities be avmlable. 
jbr reqturemerit is that^he facility have industriai 
„expexienc.e and be comfortable teaching a Jess 
theoretical, practically brieiited curriculum. The 
final requirement is interest on the students' p^ 
While facility can help to generate that interest. 
It could be difficult to do so in a strong traditional 
engineering college where studehts are bent orib^ 
cdminj^ degreed eng and have little interest 
in less theoretical studies* 

Technology Trahsfer.^The techriblb^ depart^ 
meht— and, especially^ since the formation of 
<3a£1DM. the college as a whole— has been, and 
will most likely continue to be^^ ah excellent con- 
duit for techhblbgy transfer. T demon- 
strates a^ strong deterrarnatoa to continue to learn 

from industry and ah equally strong desire tb 

share what they have lecmed an 
bgy of teaching )with other educationcd institu- 
tions. The UP GAEDM conference, in particular, 
, has the potential of becbmihg a regularly occur: 
ring event: the second such conference* is being 
hosted on the E ast Goast by Lehigt University in 
1984. If that potential is realized, BYU will have 
provided the impetus for a forum for 

continual exchange of information.* 

Tech^^olo^ department faculty also express the 
intention of continuing the present practice of 
working as consultants to industriai firms and 
government agencies and of providing informal ad- 
vice and services to industiy representatives wh^^ 
visit the depar'tmerit to obtain information on 
CAD/CAM systems md applications. Thus,^ the 
technology transfer provided by the technology 
department and bther departments in t^^^ 
is hkely to continue to operate on multiple levels : 1 
to the benefit of BYU, other academic institutions, 
and industry. 

ComputerzBased andjCTomputer'Aided Imtruc- 
tional Pac&ages.— As modules of the Computer- 

* An infbrmaJ survey conducted by ihls researcher of selected coUegos 
and universities revbaJed ah astbnishihg lack of knowledge about the 
activities bf other liistitutibhs oh ehe-par£ of faculty. f»mbera actively 
ehgag^ in plahhihg br develbpihg CAD and CAM pfogramB. While 

some faculty mbmberacbhtacted did hava some infofmation abouLrfx- 

isting prbgrams in cblldges- and universities, they often did not.ktiQ w 
the directibn and fbcua^f those other programs or had inadequate in* 
formatibh about specific research and curriculum development flc« 
tivitie». 
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Aided Simulation Training System (CAST) are 
completed and approved the Manufsu^ 
Consortium, tiiey wiH be made avaiiable to indus- 
tries and educational institutions for a inihimal fee 
(cbveririg the cost of reproduction arid ma^^ 
The manufacturing technology professor respon- 
sible for developing and coor(£nating the project 
/ is hopeful that within the next year, yidebdisk 
/ technology in the United States will be weU 
/ enough advanced to allow the CAST development 
j team to produce the training modules on interac- 
/ tive videodisks. At present, a dembristratibn vid- 
y eodisk has been produced for use in further re- 
/ search studies on interactive instruction, and 
/ sound-slide presentatibns of s.bme bf the modules 
are being tested in mariufacturing technology 
classes at B YU. The CAD training package for use 
on Apple computers is also in the development 
stage, arid one of the desigri technblbgy faculty has 
— ^ fomulated a concept for computer-aided CAD in- 
struction which he hopes to develop in the near 
future. 

CAM Mini Lab. — Techriolbgy departm^^ facili- 
ty are also seeking: funds to enable them to build 
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duplicates bf the miriiature factbiy that will be cbri- 
tained in the CAM M 

to 20 universities across the country. The recipir 
en t universities wbuld be encbiiraged tb attend 
**sbftware exchanges," whereby adyari by 
one party wbuld benefit the group as a whole. The 
estimated cost x)f producing the hardware for one 
miriilab is $50,000, which is equal tb br less thari 
the cost of many single items of computer-aided 
equipment. 

Projects such as those mentioned above expand 
considerably the departriierit's pbteritial capacity 
to have a direct ^ffec^t ori^d^ training 
in the field of programmable automation. The 
DCtASS_users and nonusers cohferences, the 
Western Electric program, arid short cburses for 
professional engii^^^ offered by the engineering 
departments further expand the college's ability 
to reach beyond the university campus tb prbvide 
educatibrial bpp or t unities tb working profes- 
sionals. 
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Case Study 3 
GAI3AM Ine.: Gusfotnef Training 
in Gdmputer-Aided Design 



Summary 

CADAM Inc.i a subsidiary of Lockheed Corp., 
produces_cojiiputer- aided design and rriariufactur- 
ing (CAD/CAM) software^ most 
censed to customers through IBM and other com- 
puter hardware firms. Customers may alsp buy 
CAD/CAM software directly from CADAM for 
use on systems that are **plug-compatibie" with 
IBM systems: 

CADAM provides basic computer jgraphics 
training free of char_ge to all customers who pur- 
chase software directly from the firm_(two empl^- 
ees per customer) and charges $1,250 per student 
for basic training classes to aU customers who li- 
cense the software through IBM or other hard^ 
ware distributors: Customers may also purchase 
the basic training in self study packages for $650 
per kit. The software finn off^ more than ii com- 
puter graphics programs, ranging frombasic train- 
ing in the CADAM system of cbmputer-Eiided de- 
sign, to courses on 3-P pjping^^^ 
to numerical control (NC) programing, to finite ele- 
merlt modeHng. • 

In addition, I CAD AM offers a training consult- 
ing service degigiied to assist customers who have 
unique problems oripecial requirements. All train- 
ing beyond CADAM basic is delivered for a fee, 
which ranges from $5^0 to $3,100 per student, de- 
pending on the length and complexity of ^ the 
course. The majority of students are machinists, 
designers, drafters, and engineers. 

While CADAM provides both in-plant training 
for all of its employees and what is referred to as 
*'scope'' traihihg(trairiihg on the cqmputer ternii- 
rial in the operations required to use various 
CADAM® system ware packages).* this study 
will focus primarily oh the custorher trainin 
fered by the firm. When it was established in Jan- 
uary 1982, its Lockheed Corp. founders conunitted 
themselves to providing "high qu^ity. trainm^ 
which they saw as cnicial to suppwt company 
goal of becoming a major developer and-distribu- 
tor of software in the CAD/CAM field. Today, the 
training department— which includes curriculum 

. "CAbAM is a registered trademark and service mark of CADAM Inc: 



designers, intenial trainers, arid customer trainers 
—accounts for 8 percent of aU CADAM emjilpy^ 
(fiui uriusuallj^high percentage), and the director 
of training reports (Hrectly to the president of the 
firm. This, again, is uhusujd, since most tra^^^ 
departrrierits repbrt;tlu-bugh marketing, customer 
relations, or personnel. . _ _ 

.Company Characteristics.— As of July 1983, 
CADAM ernplbyed approximately 280 people in 
its four major ^iivisions: software development, 
marketing, tr ainin g, and administration. Seventy- 
five percent of CADAM ernplbyees sure in the so^^ 
ware division; markettog an^ 10 per- 

cent each; and the remaining 5 percent are in ad- 
rmnistration. At present, the firm operates out of 
one facility, located hear the Lockheed-California 
plant in Burbank, CaBf: CADAM management 
plans to increase the software diyisibri by 40 em- 
ployees during the latter part of 1983 and to 
tain the training department at its current level. 

The decisioirto incorporate what was once Lock- 
heed's CADAM division* was fueled by the per- 
ceived necessity of prpyiding CADAM m^^ 
ment with the. flexibility it needed to operate in 
a fast-moving CAD/CAM marketplace with a wide 
variety of pbtehticd customers i^^ 
building, automaking, architecturalplarining, and 
a number of other industries.. Distihguishihg 
CADAM from the majority of CADjsoftw^ 
software-hardware houses is the firm's concentra- 
tion on developing software for mainfraine CAD/ 
CAM systems, specifically the IBM 370^ 303X, 
and 4300 series, father than Jor turnkey, or stand- 
alone, systems utilizing minicomputers. 

According to company representatives, the ad- 
vantages of mainframe as opposed to turnkey sys- 

•In 1967. the original CADAM software was'!<^evelbped By Lock- 
heed^sdlfornia engineers to aid in theiitiiherical coritrbl (NC) program- 
ing and airframe design for Lockheed Aerospace Products: CADAM 
system software was brlgihaUy created for up^ o:i JBM maififramea; 
but by the raid-l97iD'Sriockhe€<i had also aeaigned_a CADAM pack- 
age for «ae^bh Perkiri Elmer rainicbmputers: By 1975. Loclcheed was 
selling CADAM system software to users outside of X,ockheed_ Corp., - 
By 4979. in additibh £d-marketing the system^ JBM also. adopted 
CADAM as its internal CAD/CAM sbftware. IBM and LQckheed_en- 
tered ihtb a cbntractua^ arrangcment in J977 wherebyJBM would rnar- 
ket and distribute CADAM system softwarejLiuder.the IBM installed 
user prbgram (lUP). which makes software developed by IBM users 
available to the general public. 




terns are increased database capability and tHe 
ability to network CAD/CAM databases (induding 
the ability J.0 transfer data between GAB and 
CAM systems), the ability to interface to other ih- 
formation systems, the greater growth capabihty 
of rriairifrarnes (to which over^l 00 terminals can be 
connected), greater telecommunications capabili- 
ties between far-flung terminals, and the increased 
speed, accuracy, arid cbrriputing abihty oKered 
32-bit (mainframe) a^ opposed to 16-bit (minicom- 
puter) systems * By offering these features, 
CADAM believes it has a sblutibri for an entire en- 
terprise— not merely a department or group: 

According to CADAM's president, eAD/CAM 
technolog>' is rnost profitably arid productively 
used by firriis that are riot merely seeking to au- 
tomate single processes, such as design drawings 
or NE part programing, but are instead develop- 
ing the capability to rriake their design Jund msun 
facturirig processes into a single integrated sys- 
tem. CADAM management thus views the firm's 
major role as that of a systems catalyst, since they 
rriedritain that CAD/CAM sy sterns psan, when used 
by knowlejigeable users, become the backbone of 
a computer-integrated manufacturing (CIM) sys- 
tem. In this serise, CADAM has two riiajor mar- 
kets: fjrms that use CAD or CAD/CAM systems 
for some processes, and, most important, firms 
that are In the process of develbpirig irite|f ated ^ 
systerii capabilities. At present, CADAM has over 
250 corporate users, including IBM (with almost 
100 installations arid several huridred terrriirials 
that riiake use bf CADAM software), GM and 
other American firms, the majority of the largest 
Japanese autojnakers and shipbuilders, arid firms 
throughput Westerri Eurbpe, Canada, South Af- 
rica^ and^ South America: _ 

Training Organization and Philosophy. —Lock- 
heed-California begari CADAM system trairiing 
fbr erriplbyees in the late 1960's, shortly after the 
CADAM product was developed; iockheed in- 
structors have bjen deliveririg CADAM systerii 
trairiirig since 1975, when software packages were 
first sold to outside users; As a company, then, 
CADAM had the advantage of starting but with 
a track record bf trairiirig both customers and em* 
ployees on a system that had been used in produc- 

•MartVJif the rnajpr turnkey vendors, however, are coming out with 
:} 2 • h i I m I n i c 0 nipu ter s , w hie h , acco r d i n g to M cmU Ly n c h ' s 1 98 2 CA p/ 
CAA f Hoy tow ^i.^Oupjook, "a ppe a r capable o f st e m rni n g the i nr o a d s 
of _muinframe computer competiti^ (p. ij. While rnainframes hove 
mo re CI* U po w er and s p eed . _t he nn w 3 2 -b i t mini system s o f f er m ore 
extensive uppUcations soft^ f9r ''^^S^'^"^ ^^Ke sophis- 

ticated needs." are superior to mainframes in price/performance com- 
parisons (p. 9). 
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tibri erivirbnments for over 15 years; it also int 
itedjb Lockheed-developed CAD AM training p 
grams Jind a number of experiericed trainers, 
Top Priority Accorded tb Training.— A ccqixi 
to CADA-M's jjresident, training was an integ 
part of the strategic business plan created pi 
to CADAM 's in cbrp bra tibri. Cbriviriced that c 
tbrrier suppbrt— including training, curricular ai 
and consulting services— was a major requirem 
for success in the CAD/CAM field, CADAM rii 
agerrierit set but tb establish a ^[airiing departm 
tliat would provide curricular materials and tr< 
ing of a consistently high quality. The new dii 
tor of trairiirig aifd edu ca tibri, hired in Nbv^em 

1981, was giyeri a mandate to produce qua] 
training and to turn the training department h 
a profit center for the firm. As hf^ad bf brie 
CADAM 's four major di^ ^I^^tor 
training reports 'directjy tq the prasident of 
firm and has both flexibility (in stnicturirig 
trairiirig departrrierit, hiring trainers MdjDn^ 
desij^efs^ and organizing and developing 
training material) and accountabiliiy ifbr prod 
ing '/quality prbduct suppbrt" arid fbr tUfriiri 
profit). . 

CADAM managefeent believes that a systen 
checks and balances— invblvirig cboperatibri 
tweeri trainers £md design<^^^ ^^tween the si 
ware division and tiie training division, as well 
accountability oa the part bf each divisibn to 
others arid tb top riiariageriient— prqdu^^ fc 
bf * 'quality assurance" whereby the product it; 
is desired with users and training requireme 
in mind, £Lnd the trairiirig effort supports the s 
arid use bf the software. 

Relationships With Educational Insiitutiom 
Aside from the trairiirig divisibn's iriforrrial t\ 
tibriship with the Uriiyersity of Southern Calii 
niajs (USC's) Instructional Technolo^ Bepi 
ment^ GAI5AM has numerous cooperative n 
tibriships with cbUeges arid umyersit 
riia and throughout the country: in Septeml 

1982, IBM announced itsiintention to award i 
million worth of grarits bf hardware arid of fui 
tb uriiversity and college engineering schools 
develop new curricula in manufacturing te 
niques. CADAM intends to suppleriierit the II 
hardware dbriatibris with donationj? of softw 
licenses. 

independently of the IBM grant, CADAM 
nates sbftware tb a riuiriber bf Universities an^^ 
leges, to be used in teaching CAlS/C AM fondam 
taJs, and occasionally provides CADAM traini 
to selected cblleges arid Uriiversities fbr free bf 
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a reduced rate. A more active relati oriship e xists 
with a smaller number of schools to which 
CADAM alsojrovides test releases of software. 
This arrangement gives students experience in 
solving software problems while, at the same time, 
aiding CAD AM software analysts in debugging 
the software: With yet other institutions— UCLA 
and Rensselaer Polytechnic Institute for Axarri- 
pig— CAD AM has ejigaged in joint development 
work. UCLA's Department of Mauufacturing En- 
gineering has received greihts of IBM hardware 
and CADAM software, which it has integrated 
into the curriculum of three separate courses. 
CADAM and UCLA manufacturing engineering 
faculty and graduate students are also engaged in 
joint research to determine how to classify 
CADAM-made drawings into part families by 
using group technology codes, with the ultimate 
object of developing an integrated manufacturing 
planning system. 

Another cooperative project— conducted by 
UCLA aims to narrow the traditional comim 
tibns gap between the design and manufacturing 
departments in industries by designing a **smart" 
CAD system that will mbhitbr the design process 
and prompt the designer if he bypasses mmiufac- 
turirig considerations while desigpingia part, tool, 
or product: Another UCLA-CAD AM project in- 
volves research into incdrpora ting three-dimen- 
sional graphics capabilities into CADAM system 
softwEire. 

Other educational institutions with which 
CADAM maintains a close working relationship 
include Rensselaer Poly technic Institute, Michi- 
gan technological Institute, MIT, and California 
Polytechnic State University^ Section III of this 
study discusses possible future projects with col- 
leges and universities which may have a direct im- 
pact on CADAM system training itself and on the 
educational offerings of participating schools. 

training Division Staff. --The training division 
consists of the directbr of trsdning^ th^ internal 
training grbUp, thiB customer training ^oup, the 
program (i.e., curriculum) designers, and three sup: 
pout personnel. 

The training director, who was in computer sales 
for IBM from 1956 to 1969 and then moved into 
the industrial training field as ah early employee 
of Tratech (a fbr-prbfit trmriing^finn) and a train- 
ing consultant^ combines experience in the com- 
puter and training fields with formal training as 
an accountant. The remainder of the professional 
staff in the training division- is approximately 
equally split between employees with advanced 



degrees in instructional design, educatibri, br the 
sciences, and emplbyees with practicial expe^rience 
working oil and teaching the^C^^ system. 

the manager of customer training is a Ibrig-time 
Lockheed employee jprevibusly a drafter/designer) 
who was trained ^s a draftmg on 
CADAM when it was first put into use in the late 
196d's. A trainer in the CADAM system since the 
early 1970's, he became manager of customer 
training shortly after moving to CAD AM from the 
Lockheed training department. Five of the six 
trainers combine prbductibri exgerience as 
CADAM system designers with experience as 
CADAM system trainers for Lockheed. The senior 
instructor has 20 years of training experience, 15 
of which were spent training Lockheed^mployees 
and customers on the CADAM system. __ 

the manager of the program design staff has 
completed advanced graduate work iii th^ USC in- 
structional technology department andjworlced 
previously as a manager for another firm^ The four 
program designers alsb have graduate and/or 
teaching experience in instruct technology at 
use (o6e was an instructor, one an assistant pro^ 
fesso?), and one also has 10 years bf industrial ex- 
perigee. AH have had extensive experience in writ- 
ing iristnictional curricula: 

The difference in backgrounds between the 
trainers and the prbgrairi designers reflects 
CADAM management's p that 6 AD AM 

employees should^peciaKze in what they db best- 
that trainers shbuld be practiMbriers wth engineer- 
ing or shbpflbbr exgerience and that curriculum 
developers should be trained communicatibn spe- 
cialists: the horizontal nature bf CAD AM's inter- 
nal organization— whereby^ trainers, program de- 
signers, and software developers are on parallel 
organizational levels— is intended to ehcbUrage 
cooperatibh and tb make all teclm^ 
emplbyees accoUritjible for portions of product de- 
velopment and supports- 
Training FaciUties.— Apprbximately half of aU 
the custbirier training is delivered at CADAM's 
training facility, located at the CADAM plant and 
also used for employee* Gfrbup II mainframe com- 
puter, which is shared with the marketing group: 

Customer Traiii.ag 

Goais.— Major goals of CADAM customer train- - 
ing are to provide a high level bf traininj: support ^ 
to the custbrriers and to do so on a profitable basis. 

•The remainder of the training is delivered oiisito at the customer's 

locationr^ 
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Recbgriizing that the GADAM systexn cannot be 
effectively utilized by customers ivhb haye not 
been properly trained and that well-trmne^d users 
are those most Kkeiy to be satisfied with the sy^r 
tern and to expand their use of it, the training di- 
rector established the program desi^ department 
to support these goals with its own particular set 
of objectives. ' j 

These objectives are to develop a jcbmpKte set 
of training tools for each customer Waning pro- 
gram, to make those tools (written ctirricula, study 
guides, training guides, training aids, etc.] as con- 
sistent asjpossible both in content and delivery, 
to package appropriate courses as self-study pro- 
grams to reduce traihirig costs, and to develop new 
iristnictibhal prbgrarns to keep pace with software 
development and new software applications. The 
trainers* goals are to make sure that the atuderxts 
have a basic uhderstahdihg of how the CADAM 
system opera tes ^d a specif ic u^nderstand^ 
the particular application package they are being 
trained to operate. 

Cdhtractual Arrahgem With Customers.^ 
When CADAM sells or leases software licenses di- 
rectly to end-user customers, free basic terminal 
bperatibh training is prbvided for twb custbmer 
employees. Intermediate tern^ operation train- 
ing and other GADAM training courses are then 
available to these customers for a fee. 

Direct licensing makes up the smallest pbrtiori 
of GADAM sales: By far the largest distribution 
is through IBM, with which CADAM has three 
separate cbntracts: bhe for sbf tware licensing, brie 
for software development and enhancement, and 
one for training. Uiider. current contracts, IBM 
riiarkets both CADAM systerii software arid 
GADAM system training,_and pTimaiy responsi- 
bility foT provision of training and othei^support 
rest with IBM, which cbntracts with GADAM for 
actual training sched- 
uBng customers into training classes is also, 
IBM's: GADAM provides IBM with a projected 6- 
mbrith schedule of trsdning cburse^^^ IBM 
schedules customers into available classes^ The 
contractual relfittionship with Perkin Elmer and 
Fujitsu are sbriiewhat different thari with IBM. 

Program Design. — The principles of "instruc- 
tional design''* will eventually be used in all of 

**' Ins true tionisU Techhbibgy '* or *'l4istmctibhal Design" was briginally 
developed ill the late 1940'9-aiid early 1950*ifi as a means of systematiz* 
ihg^ trdihihg ahd educBtibiial programs. It ihcbrporateis psycHblogy, s(> 
ciblbgy. adult educatibii. arid other disciplines to create iristnictibhal 
programs that take Iiitd account such factbrs as audience makeup, level 
of learning, educatibiial levels imd occupational background of the stu- 
dents, and their responses ^ the type of training of education prbvided 
(e;g:. responses to learning to work on cbinputefs): A cbnsbrtium bf 



eADAM's training programs. At present, two 
courses have.been fully revised by thej program de- 
sijgners: 1) CAD AM basic, and 2) 3-D piping, a hew 
course designed for a software application pro- 
gram for the constmction of pipe runs and spool 
diagrams. Fbiir additional courses —basic II, anal- 
ysis, CADAM implementation, apd CADAM in- 
stallation—were to be ready by the third quarter 
of 1983. As applied by CADAM designers, instruc- 
tipniil_desi^ provides a sy^^stematic approach to 
defining; developing, and evaluating training pro- 
grams—ah approach which attempts to combine 
flexibility with ah brgahized structure. The ih- 
structjonal design system is usable both for 
creating new programs and for revising old train- 
ing material. 

The instructional desijp system us e^^ by 
CADAM designers is a nine-part process which, 
in the case of the revision of CADAM basic train- 
took approximately 9 mbhths to complete. 
The process is broken down into three major func- 
tions; 1) definition of the problem or situation, 2) 
develbpmeht, ahd 3) evaluation. 

Customer Training Programs.*— CADAM offers a 
total of 11 customer training programs plus a 
training con suiting service. This section describes 
the basic terminal bperatiohs course. 

Basic Terminal Operations. — C/tDAM's basic 
training program is offered approximately twice 
a mbhth. Previously a 4-day cbiirse serving four 
students per class, CADAM Basic is now a 5-day 
course which can accommodate four tonight stu- 
dehts ahd cah be taught by CADAM ins true tbrs 
or trainers from customer firms, or can-be4iBed as 
a self -study package. When delivered by GADAM 
trainers, the basic course is priced at $1,250 per 
student; when sold as a self-study package, the 
cost is $650 per study kit with additional work-< 
books priced at $70 to $150 each. 

Course Goals.— The majbr gbals are to teach 
students to use the basic functions of the CADAM 
system to create engineering drawings and to un- 
derstahd the basic cbhcepts ahd purpbses bf the 
system as applied to their own professional needs 
and work environments. 



universities (including USC« Michigan State, Syracuse University, the 
University of Indiana, and Florida State) have developed fully fledged 
graduate programs in Instructional Technology (IT). 

•CADAM Inc: traming pf dgfama not described in the preceding pag!^ 
are the fddowing: advancid numerical control prograjning. 3-D surfBce. 
3-D piping, finite element modeling<^an d. analysis^ procedures^ jnan axe- 
men t overview basic 11 terminaLopere Lions, job pJanjiin^/on^Lthe^joJ) 
training, basic numerical control programing, and instructor training- 
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Prerequisite^^ Served.— The single 

prerequisite for the course is the ability to read 
blueprints. Most students who have attended^t^^^ 
course have been_ drafters, designers, engineers, 
NC part programers, and managers of depart- 
ments in which the system is installed. Originally 
used by industrial designers, the CAD AM system 
is now also used by architectural dbsi^ers, facili- 
ties planners engaged in floor and shelf lay ou tsjor 
markets, hospital supply houses and other firms, 
and by electricians and electrical designers, who 
use the software for the design of printed circuit 
boardaand wiring diagrams. Qccupational catego- 
ries of students enrolling in CADAM^s basic 
course are thus becoming more diverse as the ap- 
plications of the system multiply, and there are 
plans to adjust the basic course to reflect the 
changing audience. 

Curricuiuin:-- The course consists of eight 
lessons, each of which builds the students' ability 
to operate the CADAM system by Sitroducing 
them to the use of one or more of the system's 
function keys. By use of the function keys^the 
operator calls up programs that enable him ^t 
create basic geometric shapes, to/'edit" the geom- 
etry of his drawing— the **reliniit" function key, 
for example, is used to erim or extend geometric 
elements^ to indicate dimensions and to add nota- 
tidris^ and to perform a variety of other bperatibris. 
By the end of the course, the students will have 
learned the use of all of the function key a 
for basic (Bhgineering drawings and will, in the 
process, have completed a series of practical exer- 
cises that result in a completed design of an indus- 
trial robot arm^ _ ^ 

Lesson one begins with a general introduction, 
including a brief history of the CADAM system, 
its benefits, arid the needs t^. at it can fill; an in- 
trbductiori to the workstation (including a hard- 
ware demonstration); and an overview of the gen- 
ersil operation of the system^Following the intro- 
ductory lecture/demonstration, the students com- 
pletean audio-tape-guided intrbductbry lesson on 
the graphics teminal, in which they learn how io 
enter and exit the system ("logon" and ''logoff j^-^ 
and 'to perform a few simple operations. They 
learn, for example, to perfbrrii the basic fy^J ma- 
nipulation required to start a new drawings pall an 
existirig drawing to the screen, and file a di^awirig 
oil the computer disk. _ _^_L-- 

' From lesson twb briward, the students spend ap- 
proximately 70 percent of their time working on 
the terminals and learning the system by riieans 
of practical exercises. In lesson two, th^y learn 



how to use the circle, Hne, and point function keys 
to create points, lines, arid circles at specific loca- 
tibns; tb use the of f setjcey to create a line in a de- 
sired direction, for example, or to create a new cbri- 
centric circle; arid tb perform prbcedures for mov- 
ing, sizing, settirigr:knd pr^^^^^^ the display on 
the screen by use of the **window" function key, 
which can focus in on a small sectibh bf a drawing 
or can widen its focus tb present a drawing on 
the screeri (like a camera taking either closeups or 
distance shots): , _ _ 

in subsequent lessons, the students learn to edit 
the basic gebriietry they have created (to create 
corners, to trim or extend elements, and to change 
the representation of an element frbrii brie line-type 
to ariotherj; to capture brie or mqre^leraents f^^^^ 
riiariipiilatibri asija single entity or group, to ana- 
lyze existing elements (e.g., lengths pf liries, radii 
of circles, and relative cUstarice between a^p^^ of 
elemeritsj; tb create textual notes and symbols to 
accbrilpany the drawing on the screen; tb create 
auxiliary views; to plot hard cbpies of the draw- 
ing; and to perforrii bthef basic functions. ^ 

Iri the final Jes son; the students also learn jbb 
planning techniques and how tb create arid use a 
standard library bf drawings.* _ j - _ 

InstrucmhM Methi^s ** The basic course is ap- 
prbjdmately 10 percent lecture jif delivered by ari 
instructor), 20 percent in-class reading, arid 70 per- 
cent practical experience on the terminal. 

Wheri used as a self-study course, the student 
workbook provides course cbriterit iriformatiqn 
arid guides the student to consult tlie procedures 
guide which comes with the training package to 
help^ him/her complete exercises on the coriiputer 
termirial. CADAM alsb provides instructions to 
managers tb help J;hem^ mDnitor the instruction 
arid strbrigly recoramerids that, even when the 
course is Slivered in the self study riibde, an ex- 
perienced CADAM system user be on hand to an- 
svyer questioris and provide other assistance. 

When used rii a group learning erivirbririierit, the 
workbook prbvides structure arid^ support fo the 
learnirig process, but the trainer becomes trie pri- 
m^ resource by lecturing on course material, giv- 
ing guidanjce to the studerits, arid pacing the 
course to the students^ speed. - _ 

" ""The three critical elements iri the instructibnal 
method— stressed by the trainers arid iri the work- 



*A standard library ia a coUection af.drawings of st^dard parts or 
models used frequently by a speci/ic firm, Once the original drawings 
aire completed by the firra's.desigDers. they are stored in t^ 
library file arid can be called up_and used (as is. or modified). _ 

••This section is adapted from the CADAM Manager's Guioe. 
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book itself— are reading, planhihg, and careM per- 
formance of the exercises^ The instructors encour- 
age the students to j-ead for conceptual under- 
standing arid to underline especially iriipbrtarit sec- 
tions. Plaririihg is sdsb an integral p^^ of the in- 
structional methodology. Each exercise is accom- 
panied by_a planning sheet for the students to 
complete. Once they read about the Jjkills required 
t?^P^*!(or?^ specific operatmns, they reinf o their 
understanding by planning how they will utiKze 
those skills to cbriiplete the practiceil exercise. 
They then develop the skills by jierfbrming the ex- 
ercise specified in the workbook: 

Since each lesson is constructed of interlocking 

steps— each of which presents hew ihfoririatiph 
and introduces new skills while reinforcing skills 
and information, learned in previous steps— stu- 
dents are strongly ^cduraged riot tb_skip over any 
of the reading or |)lanning^^ 

Trwiung Mater/a/s.-rrEach student j*eceives a 
workbook, a Training Handbbbk and Procedures 
Guide, a magnetic tape which is fed into the com- 
puter and contains student exercises, and audio 
tapes for the audio-guided segment in lesson one. 
Iri additibri tb the studerit hiaterial, the custbmer 
firm also receives a manager's guide. 
- Esraiaation of Siudents.T-Eeich lesson of 
CAD AM basic coritairis a self evaluatibri quiz tb 
help students gage their own PJPEF^^ Jp^ _ ^he 
course. Successful completion of the training does 
not depend on passing a final exfiuriiriatibri, but em- 
ployers sbnietimes request the t 
them with informal evaluations of the students to 
help therii determine which should be given chief 
respbrisibility fbr bperatihg the system at the 
customer's site. 

Student Evaluation of the Course.— Students 
are asked tb cbriiplete writteri evaluatibhs of the 
course, the instnictor, and the training materials. 
On a seven-point scale, students rate the course 
objectives, handbuts, visual aids, hbriiev/brk, 
course cbhteht, appUcabiUty to the^^ 
and the instructor. They also provide comments 
on the usefulness of the material, arid their bwri 
ease or difficulty in absbrbihg it, arid suggestibhs 
for improvement. ^^ter the interim revision of the 
course, ratings improved by up to two points, 
jurhpirig frbm five or belbw tb bver six bh the sev- 
en-point scale.** 



♦Slh» p. 23 for customer response to the "reading-planning perform- 
ance" methodology. 

••Since the : ml revision of the course was released shortly before 
the writing of this study, information on student evaluations of the final 
version of the course was not pvaiiable. 



FollbW'Up.^At the preserit tiriie\ fbUbw-up bf 
program graduates is informal.* C ADAM n^^ 
tains a hot line which can be used by customers 
whb explerierice sbffcware difficulties or ruri into 
operation jDn)blems cannot solve, aiid a riiim- 
ber.of customers call the trainers directly for help 
with difficult probleriis. 

Results 

Number Trainei— From Januetry tSough Sep- 
tember 1982, CADAM iristructors trained bver 
70p custojner^mplqye That number, however, 
represents a small portion of trained CADAM sys- 
tem users, according to CAD AM's training direc- 
tor. Because of the significant investrheht bf time 
and money involved in sending employees to the 
CADAM training facility or bringing a CADAM 
trainer tb the custbmer site, riibst users serid ari 
"advance guard^* whoreceive the training and re- 
tum to train other employees: 

Prbductiyity Results.— While it is difficult tb ob- 
tain gtyintifi able data ph the results of the train- 
ing as discretafrom the results of system use, the 
subjective evaluatibris of CADAM customers and 
the improvement in the student ratings of the ba- 
sic course on CADAM 's own seven-point rating 
sc£ile indicate thatrfof the most part, CADAM - 
system training effectively suppbrts the product, 
Nevertheless, a few^ customers have experienced 
some problems with the training, 

Prpblems/Solu^^^ 

Organizational IDifficuiiies: Personnel and In- 
5i!fuctiona/Ma' 5jna/s._---The most significant prob- 
lem faced by the CADAM training divisibh was 
tliatof organizing the training jitaff and the train- 
ing material to lower the cost and increase tfie con- 
sistericy bf the training itself. Creatibn of the prb- 
gram desigri departm^ the trainers from 

the responsibility of developing their own train- 
irig riiaterial. The s^f -instructional trairiirig pack- 
age developed for the basic course also frees 
CADAM from some of the service costs (providing 
an instructor to teach the course,^ etc.) and offers 
custbiriers the bp tibri bf purchasing training fbr 
slightly more tlian half the cost of the instructor- 
deBvered course. While not all CADAM courses 
are amenable tb the self study forriiatt the trairi- 
iiig diyisph plf^ 

operations, analysis procedures, and 3-D piping 
courses as self-study prograrris. 

Sblutibh to the problem of brganizmg^ the staff 
and materials, while decreasing the cost, created 

•The trEumng db procedures 
once ali of the customer courses have been revised. 
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another problem. Some of the instnictqrs had^c^^^^ 
ficulty accepting the change in focus in the revised 
basic course— from the individual instructor's in- 
terpretation and explariatibh to the highly struc- 
tured and print-centered instructional material 
These instructors point oat that the new course 
allows for less interaction between students and 
instructors. Other instructors, who have taught 
the basic course so frequently that they felt them- 
selves growing stale, believe that the new basic 
coarse allows them to aid the students^ progress 
with more ease th^m in tlie past, and these tram 
apprecia^te the opportunity to apply their efforts 
to the more advanced courses. 

The solution to this problem ofjnixed instrac- 
tbr response to the new training method is being 
achieved through a give-and-take process of grad- 
aal accommodation. The instructors are required 
-to learn hew techniques and methods which focus 
on facilitating the students' understanding of the 
print-centered material rather than oh the instruc- 
tors* own expertise arid expenence_ with the sy^^ 
tern. However, the division management points 
out that the instructors will be able to become ex^ 
parts in teaching specific aspects 
of the system in advanced courses which will con- 
tinue to require a large degree of teacher-student 
interaction. While the students lose some degree 
of personal interaction, they receive uist^^ 
riiaterials which thoroughly cover each step of the 
process in a consistent manner arid wluch^can be 
used as readily accessible review material after the 
trairiirig is completed. 

TrainBB-Ceniered ProbIems.--As with other 
tretining programs in computer-aided manufactur- 
ing arid design, aprosdmately 5 percent of trainees 
in the CADAM basic course exKbrt f^sista^^ to 
it. eADAM training division representatives say 
the root cause of this is "cqmputer arudety," a syn- 
drolrie-with-twoTnajor-aspects: the trainees * fear 
that they wiH be replaced by a cbriiputer arid the 
corresponding fear that they will not be able to 
riiaster the ''irionster'' that is replacing them. 

In some instances, ''computer anxiety" is ac- 
companied by another negative resporise^labelled 
by CADAM trairiers as the "It'll AH Go By" syn- 
drome (the belief that computer-aided design is a 
. flash-in-the-pan trend which will rieyer create 
significant chariges iri desigri work). Trainees who 
do show this type of resistance are in the minori- 
ty and are, according to CADAM trairiers, usu^- 
ly designers, engineers, or drafters nearing retire- 
ment age. While the growth of 6 AD/CAM has re- 
duced the numbers of trainees who believe that 
*'it*H all go by," "cbriiputer anxiety" remains a 



sighificaht prbblem for sbriie t';ainees: CADAM 
trairiers address this problem by explaining that 
the system is a new tool that can only make their 
jobs easier. The student workbook for tlie basic 
cburse also helps the^trainees to overcome their 
anxiety' by, again, referring to the system as a tbbl 
rather than as a threat and iritrbducirig the stu- 
dents to the teririirieds \\dtliiri the first 8 hou^ 
iristructibri by moving them into a hands-on exer- 
cise that is easy to execute and has riiiriiirial pbteri- 
tial for failure. 

CADAM trairiers estimate that fewer than one- 
quarter of the initially resistant trainees (2 percerit 
of the total student group) retairi their resistance 
after the first twb 2 days;_they report that many 
such students have returned to take advanced 
courses. Approximately 1 percerit bf all trainees 
fail to learn the systerii^ riot becatis^ of resistm^^^ 
tb the trairiirig, but because of a "mental block," 
or inability to understand what is required tb bper- 
ate the system. 

Anbther prbblem--orie experienced by the ma- 
ibnty of trainees— is that the basic course preserits 
such a large volume of irifbrriiatibri that riiqst stu- 
dent s dp, nbt grasp all of it diiring the week-long 
cburse. Exterisiori of the coarse into a second week 
was rejected as a solution because the customer 
firms can rarely spare their eniployjes f^^^^ that 
length bf tiriie. The new instructional materials^are 
designed to address the problem of "bverlbad" by 
presenting the inforniatibri in the buading block 
patterri with built-iri redundancies to reinforce 
kriowledge of the previous steps. In addition, the 
new course material works as a refererice guide 
once the trairiirig has beeri completed. 

Evaluation of Present and Future 
Capacity to Meet Training Needs 

Merrill Lynch states: ''As users become riibre so- 
phisticated,^ we erivisibri a riibye towjird^ general 
purpose riiairifrairie comput the high end ap- 
plication level for maximani performance and-abilt 
ty to do data base manageriierit .... Tlus trend im- 
plies a charige iri character of some vendors tow^H 
beirig CAD/CAM system integrators/'^ CADAM's 
orientJ^tionjto the systeras integratibri approach^ 
and CADAM mariapriierit's behef^that trai^^^^^ 
is an iritegral eleriierit iri that approach, may be the 



->CAl>/CAMneview and Outlook, 19_8J, p._2, The MariU Lynch 1982 
CAV/CAM neview and Outlook'^ user survey, however^ found that 
among the overall disMvantaifes ofjT?Mn?r£mie 

software and supports hi^hlnitjal_ expenses, and the fact that the en- 
tire system goes down when the CPU does. 
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key to the future potential of both the software 
product and the training that supports it. How- 
^y®?* Jt_should'be noted that under its installed 
user program IB$A also markets CAD software 
produced by other firms. 

Two of those software packages— CAEDS, de- 
veloped by Structural Dynamics Research Corp., 
and circuit board design system^ developed by a 
Canadian firm— address specific CAP applications 
and riot the broad design and maiiuf ac^tu^ 
ket aimed at by CAD AM; but the third package— 
CATIA» developed by Dassault. Systems in 
France— does, accbrcyrig to an IBM representa- 
tive, have some potential * 'overlap " with C^DAM 
Inc/s software applications. In addition, IBM also 
markets a CADAM trainihg package, called a 
*_'P**l^^^i^^^ Training Aid/' developed by Westing- 
house-S Industry Motor Division in Raundtree, 
Tex. The Graphics Trainihg Aid was purchased by 
approximately 50 companies in 1982, pri^mafUy 
those intending to set up their own internal 
GADAM training operations. 

While neither Westirighbuse hbr IBM views the 
Westinghouse Training Aid, which most Jjuyers 
purchase as a self-study package, as being in direct 
competition with CADAM system training, the 
Westirighbuse package does |^X*^ the customer the 
option of purchasing training other than, that sup- 
plied by CADAM. Furthermore, CADAM trains 
irig is alsb sbld by irideperiderit erigiheeriri^ and 
cor.ojlting firms— one of which, according to one 
customer interviewed, delivered^2 weeks of "excel- 
lent '\training to his employees. The "partnership** 
with IBM, then, does Mt give C A 
ly on IBM's hardware customers— nor does the 
firm's own trainihg department have a mbhbpbly 
on CADAM trairiirijg. 

Customer Evaluations:— Six CADAM inc. cus- 
tomers, most of whom had received training after 
either the ihterirn br final revisibris bf CADAM ba- 
sic had^ been completed, were interviewed. Most 
of them represented medium- to large-sized firms 
which had previbus experience with either the 
CADAM system or other computer-aided design 
systems, and some are actively engaged in net- 
working CAD and CAM capabilities. Respbhses 
to a request fbf an pveraU eya^^^ 
ing— including content, delivery, and applicabili- 
ty to specific company needs— ranged from *'rea- 
sbriable" arid "gbbd" tb "exceUerit." Orie custbrii- 
er, who had received CADAM ^ t in Janu- 

ary IBS2^ wjent to an outside consultant for fur- 
ther CADAM trainihg a few riibriths later arid re- 
turned to CADAM at the end of 1982 fbf more 



training, said that training and other support sup- 
plied by CADAM was inadequate in Jariuary but 
had shown * 'great iriij)rbveriierit'^ 
creased attention to detail" by the end of the year. 

Benefits. — One customer— who had made a 
3-yeai study bf the CAD riiarket befbre purchas- 
ing a system— said that the real benefit of^the 
training delivered by the CADAM training departs 
ment, as bppbsed to CADAM trairiirig delivered 
by other vendors, is that the tradnees leara 
td make the most efficient use of the system in the 
shortest period of time. Most of the customers said 
that, after cbriipletirig forriial CADAM systerii 
training programs, they felt weU prepared to em- 
bark on the most significant portion of the train- 
ing— the peribd directly foUbwing the fprriial 
cburse when the systems are used fdr actujdjpro- 
duction work. During this 2- to 4-week period, 
most of those ihtervie^yed reported that their new 
CADAM systerii bperatbfs gbt "tip to speed" (i.e., 
produced designs at rates which matched or ex- 
ceeded manual drawing times) even faster than an- 
ticipated. Thbse whb had purchased or were cbri- 
sidering purchasing the self-study packages felt 
that this new option was a tremendous henefit, pri- 
marily because bf the perceived need for bngbirig 
internal CAD tr^aining. 

Problems.— Aside from the problems mentioned 
in the preceding pages of this section, the most fre- 
quently artictdated prbblerii was that the terriii- 
nals at the CADAM Inc. training center occasion- 
ally went **down" or had poor response-time. (None 
of the customers interviewed have had equipriierit 
problem¥¥t~tlietr o ins tallatibrisj however, and 
many reported "incredibly quick" response times 
averaging 0.16 second.) WTiile the equipriient prbb^ 
leriis at CADj\M— which are currently being ad- 
dressed—do not reflect on the trainers or on the 
training materials, they did create an atmosphere 
bf finis tratibri which cblbred the trainees' percep- 
t ion of th e training course. One customer, whose 
firm is locatedin the Southeast^ has had numerous 
prbblems with the CADAM hbtUrie, which, he 
claims, is often inaccessible_to Ejistem customers 
because it only joperates during business hours on 
Pacific time. This customer has Ibdged a formal 
request to ericburage CADAM to extend its hbt- 
Une hours to accommodate customers located in 

other time zones, 

All bf thbse interviewed agreed that CA 
training is extremely expensive relative to custom- 
er training provided hy ;the_ majority of other 
cbriiputer-aided-desigri firms. /^^Hiile riibst accepted 
the high cost of the training as either a necessary 



44B 



434 • C6mpimri7f^^ Manufacturing Automation: EmpfoymenU Educatron, and tt)e Workplace 



evil or as the price of learning to be Effective users 
of the GAD AM system, one customer labelled the 
price of the training as **outrageous— highway rob- 
bery/' Although most of those interviewed 
thought that the cost of the self-study packages 
(S65Q per kit, as opposed to $1,250 per student for 
the Basic course) makes CADAM training a more 
reasonable investment, one believed that even the 
self-study package was **twice what it should be." 

Training for Profit: Pros and eous — CADAM s 
training director pointaout that, while many hard- 
ware (and hardware/sof tware) firrns provide train- 
ing free of charge to their customers— or at rates 
far below those charged by eADAM— by^ in es- 
sence, folding the cost of training into the hard: 
ware or software prices, CApAM*sj>rocedure of 
pricing training to cover the operating and devel- 
opment costs of the training division creates cer- 
tain benefits for both the customer and the train- 
ing deliverer. _. _ 

For one, customers get what they pay for— i.e., 
customers who require little or no training are riot 
subsidizing the training of other customers. Sec- 
dhdly, he says, because training costs are frequent- 
ly buried in equipment or opjBratihg costs, most 
companies do not recognize that good traimng is 
expensive to develop and deliver: it is for this rea- 
son, he believes, that- training is often **tbb little 
and too late*' and is often among the first support 
functions to be cut back during economic down- 
turris; so that, along with recognizing that train- 
ing is a necessity if sophisticated equipmeritjs to 
be used effectively, company manage^^ 
tUsb recogrtii:e the actual conts of creating and 

maintaining training functions. 

The status of training withjri CADAM 's orga- 
nizatibrial structure— the fact that the training 
function is the sole responsibility of one bf the four 
major divisions— indicates CADAM manage- 
ment's recbghitibri that training itself is of pivotal 
importance in the CAD/CAM field. The scope and 
degree of CADAM 's commitment to trainirig is 
possibly unique in sbme respects^ Certainly the rel- 
ative size bf the training division (8 percent of the 
firm's employees) is unusual,* as is the fafct that 
the training directbr reports directly to the presi- 
dent bf the firm. 

Also unusual is the degree of flexibility and re- 
sponsibility accorded tb the traininj: djvision. The 
division is respbnsible for providing **quaK^ 
trainirig to support the software product and for 

•it should be noted, ht wever. that the ratio of trairuHg division per* 
spnnd.to other CADAM employees would be more difficult to achieve 
in a iargcr firm. 



making a profit. Also, It is given the flexibility, the 
resources, and the cbmmuriicative chsmri^^ 
the prbduct develbprrierit department necessary to 
fulfill that responsibility. A comment by a train- 
ing division representative provides a cbgerit de- 
scription of the firm's approach to training in gen- 
eral: *We re tryirig to turn the old situation of 
training departments around. Most trfiuriing de- 
partments are not given ehbugh responsibility and 
accbuhtabihty arid have a^s^^ 
the company, reporting through many levels bf bu- 
reaucracy. In a high tech field, training can no 
longer be handled iri a subsidiary, low-level, low- 
pribnty f?i?hion— it's too important. Things are too 
volatile and they change too fast." 

By designating the training division as 
center arid by providing it with the resources and 
organizational support to produce a well-desighed 
traimng product, CADAM mariagemerithasmade 
ah investment iri the trainmg itself. This nieana 
that the training product must be high-quality if 
the firm b to realize a return oh its investriierit in- 
directly (in terms bf prbduct support) and terms 
bf direct pr^fit_ from the traming charges. Profit 
realized from the training is used tb pay the train- 
ing division's bperatihg costs arid to fund deveb^ 
ment bf hew training programs and refinement of 
already-existing courses. 

Asn profitmaking entity whbse trairungpj-oduct 
entails a great deal of expense— both to the cus- 
tomer and to CAD AM— the traimng division riins 
the risk of. as one customer put it, pricing itself 
out of the training riiarket^ And when high prices 
are coriibiried with a reluctance on the trainers' 
part to go beyond the contents bf the basic course 
when students ask abbut advanced applications, 
the CADAM training division also runs the risk 
of giving some customers the impression that their 
specific needs will be attended to only msofar as 
they db ribt extend irito areas covered by further 
trainirig, i.e., which entail further purchases bf 
training. 

On the bther harid, statements by trainers m 
some user firms support the assertion bf 
CADAM's training: director that the ccwnmqri 
practice of burying training c^sts in operating 
bther expenses keeps management tniawcre. of the 
real costs of providing training. It is possible that 
what is perceived as ah "butragequs" trairii^^ 
actually reflects a reaUty that most industries are 
riot used to seeing: The training division's cogni- 
zance of the need to Ibwer trainirig costs while 
• maintaining quality resUlfed in development of the 
self-study packages that both reduce cost and eh- 
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able customers to tram future generitibris of users 
with the same instructional material. It remains 
to be seen whether the self-stu^ package wiii 
solve theproblem of high cost. 

The firm's capacity Jto meet the direct traihirig 
needs of future CAD AM custORaers dep^ on 
its ability to maintain its gains in improving the 
quality of the courses and to develop new courses 
whilB kBeping its prices within reasonable hnlits. 
CADAM 's apprbach to training presents an iriter- 
esting coniindrum. On one hand, GADAM LUus- 
trates that: significant time and money spent to 
make training a **first pndrity'' can be se^^^ 
vestments rather than as begrudged expenses. The 
firm also illustrates that th> investment of those 
resources in well-designed and adequately tested 
training can increasj^ productivity^ 
the other hand, it may be a matter of questionable 
prudence for GAD AM to be among the few soft- 
ware providers pricing their training //realistical- 
ly," Gan they **educate" the entire population-of - 



users as to the actual costs of training, or will other 
training vendors who offer **CADAM " ihstnictioh 
at^ lower price deprive the training division of sig- 
nificant numbers of students? 

Although CADAM training appesa-s to be of a 
high standard. It also appears to some customers 
that CADAM's packagmg of tnaim 
priced commodity sometimes impinges on its over- 
all effectiveness by Umiting the infbrmatibh avail- 
able to trainees in the basic classes. It woiUd see^^ 
then, that there is an attitudinal problem on the 
part of both the recipients and the provider of 
training, each with his bvsrh expectations of tl^^ 
proper form of training Md the behavior of t^ 
ers- More explicit communication feetween the 
trainers— who must use the limited time at their 
disposal to present a great deal pf material in a sys- 
tematic fashion— and Jhe customers— who have 
varying needs which may not always mesh with 
the Kghly structured basic course— would amelio- 
—rate-this difficulty. 
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Case Study 4 
ProgrammaBle Controller Training Program 



International Brotherhood of Electrical 
Workers, Local 11 Lbs Angeles County 
Chapter, National Electrical 
Cbritractdrs Association 

Summary 

The Lbs Angeles Electt-ical TYaii^ 
training arm of the Joint Apprenticeship Training 
eommittee of the International Brptherhbbd of 
Electrical Workers (IBEW) Inside Construction 
Local 11 and the Los Angeles Chapter of the J>Ia- 
tional Electrical Contractors' Association (NEC^). 
The Training Trust, supported by Local 1 1 mem- 
bers and the electrical contractor 
them, provides a 4-year apprenticeship training 
program and voluntary courses fbr Local 11 jbiir- 
heymen. 

In the late 1970's, the Trust began addressing 
the need to provide journeyman training in the 
skills required tb install, trbubleshbbt and mmn- 
tairi the electronic deyjces that were beginning to 
replace a number of the hard-wired electrical de- 
vices involved in inside-cbnstructibri in factbries, 
plants, and bff ices. This study focuses on one set 
of course offerings provided by the Trust— a se- 
ries of three courses on the installatibn, program- 
ing, and trbubleshbbtihg bf programmable con- 
trollers. 

Background: Los Angeles Electrical 
Training Trust 

The Los Angeles Electrical Training Trust 
(ETT) was established in 1964 to suppbrt educa- 
tional and training programs fbr apprentices an^ 
jburheymeri covered under the collective bargain- 
ing agreement between IBEW Local 11 (Inside 
Gonstructionj and the Lbs Angeles Chapter of the 
Natibrial Electrical Contractors* Association 
(NEC A).* As provided for in the Labor Manage- 

♦Kocul 1 1 us onO of 365 IBEW inside construction loca]a._wh.o9e mem- 
bcrlihip work primarily for independent electHcal. co_nJLractors._The 
IHKW tilso maintains riianuf acturing locals. acrving eLectricfiJ/electrom 
mahufhcturiri|> firms; maintenance locals, whose niemJ)_ej's_do in-plant 
mnihtenniice: utility locals serving pub Uc power companies:__and^ U^^^ 
phone locfils. Because members of Inside i^onstaic_tLon Loca^ 
work for A series of.sm^alLLQ ni^um-sked.conkap^^^^ which dp 

not have- the resources to provide in plant HkiUs training, the Inside Con- 



men t Relations Act bf 1947, the Tnast i^ jointly 
operated by local union and management repre- 
sentatives and is supported by regular cbntribu- 
tions from Local ] 1 members and their employers. 
Under the terms of the current collectW^^ 
ing agreement, Local ii members contribute 5<f 
for every hour worked into the Trust, while their 
employers cbn tribute ISe: fbr every employee-hour. 
While the primary responsibility of the Trust is 
to provide apprenticeship training, the Los Ange- 
les ETT— along with a number bf the other local 
IBEW training organizations in the United 
States— also operates an active journeyman skills 

improvement program. 

All apprentice aridjbU^rrieyman c^^ are held 
in training facilities that are either owned, leased, 
or rented by the Trust. To accbmn^bdate the ap- 
proximately 7,000 iburrieymen and^^6^^ 
tices in the Local's Los Angeles County jurisdic- 
tion (covering 4^169 square miles) the Trust 
maintains five trainirig ceriterS: bhe "Metro F^acil- 
ity'' in dbwntbwh Lqs Angeles, and one in' each of 
the district's four other dispatch areas. The Metro 
Facility, opened in March 1981, cbri tains seven 
classrbbms arid 8,000 square feet of laboratory 
area (including a $300,000 process instrumentation 
lab, as weEas laboratories fbr welding, hbuse wir- 
ing, conduit bending, mbtbf controls, transf 
ers, fiber optics, high-voltage cable splicing, air ' 
conditioning, and fire alarms and life safety in- 
struction). Two bf the dispatch area trmnirig fa- 
cilities have permanent laboratories, while the 
other two occupy rented space which is converted 
into tempbrary labbratbries fbr training puf- 
pbses.* ■ 

Training Trust Administration and Staff.— In 
accordance with the provisions bf the Labbr Mah- 



strucUon JLocala lMre_anionK the most active in deUyering journeyman 
traininif under the auspices of Joint, Apprenticeship Training Com- 
mittees. 

The NatLOnal Electrical Contractors Association maintains 1.35 local 
chapters throughput tile Urg 

rently has 230 member contracting firms. 35 of which have 30 or mbro 
permanent employees and often provide design and engineering as well 
as installation services. The remainder of the meinbera employ uri aver- 
age of lb to 12 full-time workers. NEC A meinbersprbvide electrical con- 
tracting services to a wide variety of custom era. including rhahuJac Cur- 
ing firms, powerpiants. newspapers, hospitals. «:hboIs,-ahd- offices: A 
number of NECA members are aLso members of the IBEW. 

♦By the end of 1983, the Trust hoped to have established pei-mnhent 
training facilities in all of the dispatch areas. 
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agement Relations Act^ the Trusty Fund is con- 
trolled and administered by a six-member Board 
of Trustees with equal unionrmahagemerit repre- 
sentation. In addition to the Board of Trustee^^^^ 
the Los Angeles ETT is also served by iive Joint 
Apprenticeship Subcommittees (JASC— brie in 
each of the district's five dispatch areas) and the 
Joint Journeyman Educational Advisory Commit- 
tee (JJEAC). On the permanent staff of the Train- 
ing Trust are the director, a staff represeritative 
in charge of appreriticeship train 
resentative for journeyman training, and a senior 
instructor: The majority of the courses are taught 
by jbumeymari electriciaris who serve as part-time 
instructors for the Trust. 

The Trust director is appointed by the. trustees 
and is responsible for the ongoing bperatibri of the 
trairiirig programs. The current director, appointed 
in 1978» has had previous experience as both an 
iBEW journeyman and an electrical cbritractbr. 
Both staff representatives have worked as IBEW 
journeymen and foremen, and both have had pre- 
vious experience working with training and educa- 
tional programs. All bf the apprb^dmately 25j)£urt^ 
time instmctdrs who teach^the apprenticeship pro- 
grams arecredentialed as^iart-time instructors by 
the State of California. The 58 iristructbrs whb 
teach jburrieymari cbUrses are not re^^ ob- 
tain State teaching licenses; approximately half of 
them> however, a^ credentialed. 

Philosophy of Trairiirig: General Goals.— 
major gqS of the Electrical Training Trust is to 
deliver comprehensive apprenticeship training and 
provide journeymen with the bppbrturiity to im- 
prbve or reinforce existing skills and develop new 
skills required by the changingLelectncal/electron- 
ics field. According to the ETT's director of jbur- 
rieymari trairiirig, the lirie between electricity and 
electronics is beginning to dissolve; electricigms in- 
tent on keeping their skills current, therefore, riiust 
develop riew skills iri electrbriics arid computer- 
aided equipment. 

Because of the voluntary nature of jburrieymari 
training, the Trust's educatibrial philbsbphy also 
stresses ri:ibtiyatiori-and creating an awareness of 
new skill needs to encourage journeymen to take 
advantage of the training cburses bffeed. Iridivid- 
ual mbtivatibri arid self-initiative are especiaUy sig- 
nificant, since approximately 25 percent of the 
memBership is hired for relatively shbrt installa- 
tibn jobs but of the Uriibri hiring haU. Of the re- 
m£dnder,tapjjrqximately 60 percent are permanent- 
ly employed and 4G percent work for two to three 
contractors per year. 



Another aspect of the Trust's trfiiiriirig philoso- 
phy is that it is the right of each jburrieyriiari who 
wbrks at least 6 months per yeai^ tp take any 
course offered in the skiH-improveraent program 
if he or she has completed the p>rerequisite cburses. 
Tb avbid discouraging vbluntary^pj^^ in 
the program, no grades are assigned at the end of 
the courses, and (for the majority of courses) no 
selectibn criteria are applied. The iritrbdUctibri of 
coursewqrk on computer-biased equipm like pro- 
grammable controllers and proceas-instrumenta- 
tion devices has, however, created exceptibris tb 
the gerieral free-erirbllrriejit prw:edure. Because not 
all of the students who enrolled in the intermediate 
programmable controller courses had a solid grasp 
of the furidariieritals taught iri the basic course, se^ 
l^ection procedures Jiave now been instituted for 
that course. The process^ instrumentation pro- 
gram—a lengthy series of cbur3es tbtallirig 796 
hbUrs— requires students^td pass an_ evaluation as 
an admission requirement and to pass examina- 
tions before proceeding from one cburse tb the 
riext. 

J^'raining Overview.— The Los Angeles Training 
Trust deHvers required courses for apprentices and 
**pendirig ex£uniriatibri wjreriieri'^* arid ybluntary 
courses for journey men. Apprentices take a total 
of 840 hours of work-related classroom instruction 
at the Trust, extendiiig bver a 4-year peribd (3 
hburs per riight/2 nights per week).* Related in- 
struction courses include electrical code, mathema- 
tics, blueprint reading, first aid, pipe bendirig, 
weldirig, iris trurineri tati bri , basic tranjiis tqrs^ and 
electronics^ Applications for the appKenticeship 
program are accepted every 2 years in Lbs Anige- 
les._ During the riibst recerit applicatibri peribd, 
1,650 candidates^ 100 to 200 appren- 

ticeship openings anticipated over the next 2 
years. New apprentices are adrriitted to the prb- 
grarii bri the basis bf their rank score from the oral 
interview.** _ 

**Pending examination" (PE) wiremen are experi- 
enced electriciaris whb have ribt gbrie through the 



*The-L: Trust s apprenticeship progrjimia bfla_ed5n the A-year pro- 
gram o f ferfid _hy_t he N atio n aJ J_o i n t Appr.en tic es hip and Trai n i njg Co m • 
mi.ttee in Wasjiingtj)n« b.C._Whille the Int^^^ sets guideUnes for 

oppiientrceship. training,. L^abjia setting their own pro- 

grams. The Inside Com tnictipn Lo«al in Petroit, fo requires 
672 hours of related instruction, delivered once every 2 weeks <8 hours 

perjday)^ 

_ **Ql tho__L650 rerent ai)piicants, 1 .15^^^ 

na t i p n, w hjc h f pc u ses o n mathematics aldils. Those w ho qu ali fed on the 
oasis of the examination were then interviewed and were raniced from 
1 to 1.150 on the basis of^the intorvjew. As apprenticeship opem*ngs 
occur over the next 2 years, candidates will be caiied according to their 
placement on ihc list. 
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apprenticeship program but who instead become 
members when their employer signs an ajgreement 
with the Local. The PE program originated in Los 
Angeles in 1986 and has now sjpread throughout 
ealifornia and into some other States as well.* PE 
wiremen receive journeymari wages bu are re- 
quired to take an evaluation examination and to 
attend a concentrated 2-year, four-semester course 
s^^ies to reinforce their kribwledge through formal 
_^^ajdy-and^tajipg^ their skills. At the end of 
tho program, they take the formal journeyman's 
examination to achieve fuU jburriey man status. 

Both the apprenticeship a^^ 
are administered through the Los Angeles Bounty 
Schools* Regional Occupational Program, which 
sewes as registrar for the two Trust programs dis- 
cussed abqve^ 

Approximately 2,000 journeymen completed 
voluntary skill-improvement courses in l?81-82^ 
Journeyman courses r^gejrom 3-week review 
recent changes in the national electrical^code to 13- 
week courses in advanced blueprint reading to a 
3 1/2-year series of courses on process in^ 
tation.** The journeyman skill-improvement pro- 
gram is focused on reinforcing core trade skills and 
ihtroducihg hew skills in demand in the local mar- 
ketplace. Amdng^ those new skills are those re- 
quired to install, proj^am, iroubleshoot program- 
mable controllers, process instrumeritatibh skills, 
and test and sfJlice fiber optics cable. 

Programmable Controller (PC) Gourses 

Plahhihg and Development.— The need for 
cbursewdrk in j)rogr^^^ controllers was first 
brought to the attention of the Training Trust in 
1978 by members of the Joint Jburneymari Educa^^ 
tibrial Advisory Committee jJJE AC) One of the 
committee members-— a general construction man- 
ager for a large contracting firm that designs, eri- 
giheers, and ihsteOls cbmputeiized sy^^ 
terials handling and process control—played £Ui 
instrumental role by convincing the committee of 
the need, by prbvidirig advice bri prerequisite 



f Jn many areas pf the count;^, experienc^^ 
side Cons tnic tipn Ix)cala w their ahpp^ '^'^^'"^^ ^^^'^^^l^'^^y 
become full-fjedged joum Approximateiy 400 P. E. wiremen are 

now taking courses at the L. A, Training Trust. 

•♦Process instrumentationjis the applicaticn of elKtric. electronic, 
apd/pr air controls to regulate pressures for measuring fluids or gaaes 
and for Indicating and controlling levels, temperatures and flow of iiq- 
uids or gases. Students in the process instrumeritatibh program ^e 
taught how to inspecU calibrate, install, turie,^d troublesKodt ccrii- 
puter-aided instrumentation and prbceas-cbritrbl ays terns used iri chem- 
ical and petrochermcaJ plants, refineries, breweriea, food prbcessirig, and 
other industries. 



cbiirsewbrk arid egiiipment, arid by recomrnending 
potential mstructors: 

Following the advice of its area expert/' the 
committee recbmriierided that the Trust firsts de- 
velop a motor c^ontr^ols course to aid in preparing 
interested-journeymen to take the more advanced 
PC courses, Westirighouse's Standard Cbritrbl E)i- 
visibn in El Monte, Calif .^proved to be extremely 
helpful in the development stage, both by provid- 
ing equipiment at a^eatly reduced rate arid by rec- 
briimeridirig brie bf its appUcatibns spec^^^ 
be the course instructor: The curriculum for the 
first programmable controller course was devel- 
oped by the Westirighbuse specialist, reviewed arid 
riibdified by J JE AC to increase its focus on the 
specific needs of Local. Li journeymen, and^ap- 
priived by the Board of Trustees late iri 1980. 

The first class was offered in October 1981, arid 
the course has now become a staple offering of the 
Trust's journeyman skill improvement program. 
In the fall bf 1982, the Westirighbuse specialist 
whb developed aiyl taught the b course began 
teaching an intermediate xaurse, PC III, to grad- 
uates of the b^sic course, PC II, a harids-bri cburse 
cbveririg sirililarities arid^ffererices of four of the 
major programmable controllers on the market, 
win be offered in the summer of 1983. 

Goals and Objectives.— Specif icgoaJs a^ 
tiye_s_bf_thej5rqgrfiun^ controller courses sup- 
port the major objective of the Training Trust's 
journeyman sfciHiriiprbveriieritprograrii, whiiCh is 
tb prbvide Local 1 1 members with the opportunity 
to develop knowledge and skiJls in all areas of elec- 
tricity/electrbhics applicable to eiriplbyirierit bppbr- 
tuhities iri the Lbs Angeles are^ cbyered^ 
Trust_ agreement. This entails not only meeting 
current needs; but atteihpting to forecast future 
needs so that the Lbcal will be able to prbvide a 
trairied work force when opportunities occur. 
Courses that develop skills in high-technology 
fields such as programmable cbritroUers, process 
iristniriieritatibri, arid fiber optics are considered 
by the Trustees and the JJEAC to be crucial areas 
of education and training for journeymen whb 
want tb keep pace with the skiU reqUirerilerits of 
the local marketplace. In the words of the Trust's 
director of journeyman training,.* 'The only things 
we have to sell are bur skills and kribwledge— these 
riiust be pertinent.'' 

Since the Trust was established to serve both 
union members arid the cohtractbrs who eriiploy 
therii, its gbal iri offering the jSrbgta^^ 
troller courses is twofold: to provide appropriate 
skiti training to Local 11 members, and to meet 
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the heeds of sigriatbiy cbh tractors, more and more 
of whom are rri akirig in s t alia t i on s i n ^ ' pl vin g pr d- 
graminable controllers; The specific objectives of 
the series of PC courses offered by the Trust are 
to train journey men to install, provide power to, 
program, an(l troubles hoot programmable control- 
lers. The goaLofPC 1 is to provide a basic introduc- 
tion to ihstallatioh and programing requirements 
so that a graduate of the cbu^^ could, under the 
direction of a skilled foreman, aid in PC installa- 
tions on the job. The ^oal of the intermediate 
course is to provide additibhal iriformatibh arid 
practice in programing and to^teach troubleshoot- 
ing techniques to enable members to do installa- 
tibn wbrk with less sujpervisibn. 

With the add] tiqn of the PC III course, the PCl 
series will fulfill its overall objective— to familia|BIS' 
ize advanced students with installatibn, prbgram- 
irig, arid ^xbubleshbbtirig techxiiques specific to the 
major PC systems in use in the Los Angtles area 
in order to provide them with increased work op- 
pbrtunities . 

Administrative arid Iristf uctiorial Staff .—The 
Trust "staff representative" who directs the jour- 
neyman skill-improvement training is an active 
supporter of *'high-techriblbgy trairiirig'' for jour- 
neymen. The journeyman training department 
took major responsibility for locating the equip- 
ment arid the iristructbr for the brigirial PC cburse 
for ongoing coqrdiriat^ri of what is now a se- 
ries of courses on programmable controllers. 

Until the first few mbnths bf 1983, all bf the prb- 
grariiriiabre controller courses were taught by a 
single instructor, a Westinghouse applications spe- 
cialist employed by Ehe sales and customer .sup- 
port grbujp of the Staridard Cbritrbl Divisibri*s 
Numa Logic Depa^^^tment. His prior technical ex- 
perience includes work as an IBEW journeyman 
electrician— then as a draftsriiari, nuclear ppwer en- 
gineer, and^ con trql panel desi Previous to his 
employment by the Training Trust as a PC in- 
strlittor, he had taught a series bf cburses on prb- 
grariiriiable cbritrbllers to eriiplbyees of the Lbs 
Aiigeles Department of Water arid Power. By the 
spring of 1983, four new instructors— Local ll 
jburrieymeri whb have either taken previously bf- 
fered PC courses at tjie Trust or have on-the-job 
experience— wiU begin teaching the bjasic course. 
In addition, they have cbmpleted customer 
courses, paid for by the Trust arid deHyered by 
Allen Bi:fedley. Modicori. and Westinghouse— all 
major producers of prbgrammable controllers in 
the United States. 



Equipment.— The **Metrb Facility" bf the Trairi- 
^g_T^^st contains four classrooms and three class- 
room/labs, one x)f which is availabie for PC courses; 
In addition, PC classes are also bf fered on arbtat- 
irig basis at trainirig sites iri four bf the district's 
dispatch areas. As of this writing, the Trust owns 
two Westinghouse 700 series Numa Logic Pro- 
grammable Cbritrbllers, which are trarispbrted by 
the instructor from one^rainirig f a to another 
as the occasion demands.* The administrative 
staff of the Trust is currently in the process bf pur- 
chasirig prbgramriiable cbritrbUer^ riiariufactured 
by Allen Bradley. Modicon. and Texas Instru- 
ments in preparation for thejPC 111 course to be 
bffered iri the summer bf 1983. 

^Costs and Funding.— The Journeyman sldU-im- 

provement cottrses are supported entirely by 
Training Trust funds. Mbst cost items for the pro- 
gr arririi able con tr oiler cqUrse s were ri b t available 
(administration, instructor salaries, student mji- 
terials^ or classroom rental). The two jnaj or items 
bf equiprrierit curreritly iri use— the Westinghbuse 
programmable controllers, valued at $25,000 
each— were purchased by^the Trust for a total of 
$10,000. Iri addition, the Trust has set aside funds 
for thejiUrchase of the other three PC systerris to 
be used in the advanced course. 

Costs to Studerits.-~Tuitibn and instructional 
rriaterials are free of charge to eligible journey riieri 
and apprentices (see Selection, below). However, 
to encourage students to complete the courses, a 
$10 depbsit is charged at the begiririirig bf every 
course and is refunded to tjiose students with sat- 
isfactory attendance records. _ 

Selection Procedures and Enrollment Trends.-^ 

?|5^^<^^/bri— JoUrrieyma skill-iriiproverrierit 
courses are open to all members of Local 11 who 
have worked 6 or more months out of the preced* 
irig year for sigriatbry uriibris.** Appreritices are 
discouraged from doing so until they have learned 
the fundamentals of the trade. To date, no appren- 
tices have cbmpleted the basic course. 
_ J^cently, no em^oU^ ted f or 

either the basic or intermediate PC courses, aside 
frbm the necessity bf cbmpletirig the basic course 



•Though the Metro Facility provides secure storage apace for equips 
ment. the other training sites do not. Furthermore, classes have, in the 
past^been oifferod concurrently atjnore than one facility. The compact, 
transpor table equipment therefore gives the Trust the dexibility to of' 
fer classes at more than one site. 

**Since the Training Trust is supiK>rt«i by a small proportion of the 
fringe benefits attached to the wages of working members of the Local 
and by contractors who are signatories to the trust agreement, ^ 

4B2 
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(PG I) before sighing up for PC IL* Since, how- 
ever, regular attendance is the only formal gradua; 
tidn requirement, some graduates of the basic 
course have signed up for the intermediate course 
without the prerequisite skiHs and knowledge to 
benefit from the more advanced mstruction. I;: 
February 198B, a new policy was estabhsheci 
whereby members who enroll in PC i take ^ en- 
trance exfiurnination covering motor control theory. 
Those who do not pass the exam m-e encouraged 
to take the motor controls course offered by the 
Trust before continuing with the b;:-sic PC cours^e. 
Admission to PC liis now at the discretion of the 
instructor, who wiU base his decision on a re^^^ 
of completed homework exercises required in PC 
I** When the advanced course. PC III, is 
deUvered in thasummer of 1983, only those whose 
homework in PC II exhibits a thorough under- 
standing of the intermediate course wjjl be accept- 
ed Those who are not accepted mto PC II ^d I'C 
III will be encouraged, to retake the preceding 
course to bring their skills up to the reqmred level. 

EnrbUihent 7VendsMtto*tfon._---Accoram^ to the 
Westinghouse instructor, the PC l and II c^J^jrses 
have been very well attended, sometimes draxvmg 
as many as 32 enroUees for a single course, ihe 
complexity of the coursework, however, and the 
need of soSe of the PC I enrbUees for background 
coursework in motor controls and solid-state elec- 
tronics, has resulted in an overall attntibn rate of 
approximately 33 percent.*** WhUe^the pref^red 
class s^ice is 12. classes have ranged: m size fro^m 
8 to 13 students^lEspeciaHy lar* ^ c:asserf^are split 
in t^o. which. antU the r : :^ nt additionqf the «/wo 
extrrs instructors, rroseriteli problema for the 
Wesr:n^h6use train^-^ who had to teach classes 
twi^ * week to accomnnGdate all interested stu- 
dents ' Beth enrollment and attrition are less in 

Paj i tk^^ -n PC I. r . - ' 

Th^ emun ment situation of the journeyman 
electncians ^^^ o enroll in the PC courses va-ies 
considerably. Some are permanently en -loyed by 



bn,ployeos covered xmCiut theJ U_KW Local 1 1 PKreomonc wWO: have 
worked at least half the work-dP vs. of th»»yoar previous ?o^-ir:^lunK m 
classes hive contributed to thi: crust f-md and ar;. t:H:re.r.r^ oU;_ Je^ 
Occasionally, mejnbers who have worked less than the rormally req. iroe 
6 mbhths are allowed to aUenri cl.isseff. Thi sc decisions an? m.u. • on 
\i caji>by-case basis , j., ^ ^ 

^SCudoritH with pxevioup «xpenence worJang vvith pro^^ 
trciUers on the job muy nlso t«o< -in to the jnterracdiate course without 
Haviii^ cornpleted_PC I. _ _ ^_ ^ ^ ■ ~ 

••SuccoMsful completion o? homework assignmRnts is not n requjre- 
mentfor ktA'^' ation. only for entrance to thr. next cooJ-se, _ 

••-•In n r - snition of tht potential for ittnUbn. tlu. instructorhdj .n- 
stitut«i tKo ioUov^A iiiacUce. An entrance C^ia^t ^nC^ntratuig^n LXiUt^r 
COntTolo lh...ry Ib given on the firs!, night, and those mtcr..teU i^pr,r_ 
tid»atinK were then interviewee.^ and were ranked from.i yO )_.io_^^on 
tho h^. xH of the .r.tervi*>w. As .-onr^nticeship openings _o<:.:ur over tne 
n--/-t 2 voars, cnndidatc^ Will !;< ri^ed accoldin^? to their . lacement on 
tKH 



signatory contractors;* some work for single con- 
tractors for long stretches of time (6 to 12 months) 
on major installationjobs; others work^'out of the 
hall/' i.e., are not permanently or seimpermanently 
employed but rather are hired for relatively short 
jobs out of the unibri hiring hall. Because of the 
current ecbriomic situation in tos Angeles, a grow- 
ing number of the students in PC courses work out 

of the hall, _ 

Two additional factbrsplay a part in this enroH- 
ment trend: lllarge electrical contractors who pro- 
vide design and engineering services as well as in- 
stallation often prbvide iri-hbuse t^rainm 
Local 11 emplbyees who install programmable con- 
trbllefs. and it is these contractors who db mbst 
of the Fe installation in the cburity, and 2) a num- 
ber of smaller cbhtractors who are pre^^^^ do 
ihstallatibns involving programmable control- 
lers—and who would be likely tb encourage their 
employees to take the PC cours^ or to hire course 
graduates— have been offect^Ay the construction 



Cu^ricnla: PC I— PC III.^PC I and PC II w^^^ 
both designed tb be 18:hour courses, delivered in 3- - 
hbur segments 1 evenmg a week for 6 weeks. How- 
ever, because of the amount of material to be cov- 
ered'in the basic cburse. recent PC I courses have 
been extended to 7 weeks. PC III, currently in the 
development stage, wiU be from 16 tb 24 hours in 
length and will take place bn the weekends to en- 
able students tb attend intensive 8-hour-a-day 
classes. 

• PC J.— Students in this ihtrbductory course 
jearn termiriclbl^^ the basics of the theories 
behtindprogrammable coiXroUers, how to ad- 
dress the equipment, how it vvbrks. mid basic 
instaJlatioh, prbgrarri riiriff, a:c«d applications^ 
Since iiiie majority oj c;tu dents enter the class 
with limited experience v\ flbiid-state cqntrbls^ 
the first two seosfbh*^. are deyoted to basic 
theory— an intrcdm*tion to logic and to Bool- 
tan algebr a (session I), an introduction tb sbl- 
id-itatc ccT^trois, arid a comparison between 
soliH-3tate ufid electromechanical devices (ses- 

sibii il). . 

Progr^im^-a^^lvv coTitrollers are jibt intro- 
daccd^UAtil the tiiird session, when students 
ie&rri v/hat programmable controllers are, how 
they compare to (jlectromechanical controls, 
and 3ome basic PC appUcations^ Installation 
and basic prb^aming (including an overview 
of input a~id output devices and special func- 
tions invoK4ng timers, cburiters, and oth^de- 
vicesJ are cbvered in session IV. Sessions V- 

-Tonti ucCors who oper.ate_:*union hpusds" and^e wgha^t^ 
colU^ctivo Bafpaining agreement between Lo8 Angolas NECA and 
IBEW Local U 
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VII are primari^^ devoted to discussibh and 
practice of programing for specific appUca- 
tibns. In addition, session VI J also covers 
"rriultiplexihg," i.e., carrying but multiple 
functions simultjtneo^^ in an irideperiderit 
but related manner, an operation that often 
invblves combining several signals so that 
they can be handled by a single device. 

• PC II provides ^aduates of the PC^I course 
with the opportunity to practice the basic pro- 
graihing techniques they learned in PC I and 
to learn more advanced programing applica- 
tions. For exEunple, they learn to program the 
PCs to cbntrbl a "b^ad parts detector*' on a 
manufacturing plant conveyor system by 
writing and inputting programs for counting 
the total number. of parts on the line, count- 
ing the number of faulty partSj and for reject- 
ing the parts that are flawed. Jn additiori, the 
students complete a number of troubleshoot- 
ing exercises: the instructbr puts "bugs" intb 
the classroom equipmerit^ arid requires the stu- 
dents to tell him why the equipment is not 
wbrking» how they would iix it, and what the 
result will be once the adjustment is made. 

Both the programming and th^ trouble- 
shooting experiences are of use to inside wire- 
men who, when they install prbgrairimable 
controUers, ofter^ for test; 

ing purposes and troubleshoot equipment 
problems that may bccur. Some wiremeh may 
^Iso work for contractors who may be called 
back to a facility to troubleshoot and repair 
equipment that they installed initially. 

• PC ///.—This course, now under develop- 
ment, will teach i^aduates of PC II how to in- 
stall, program, and troubleshoot the major 
models of programmable cbhtrollers currently 
on the market^ Accordingly, the course will fo- 
cua on teaching the students the differences 
and similarities between the Westirighbuse 
Numa Lo^gic 700 Seri^ psed in PC I and PC 
II and the models produced by AMeafiradley, 
Mbdicon, and Texas Instruments.- The Trust- - 
is currently prbceedmg with plaris to purchase 
the equipment, and the Westinghouse instruc- 

_ tor is designing the course materials. __ 
Ihstructibhal Materials and Teaching Meth- 
ods.— Instructional materials foi^the PC I course 
were developed by the Westinghouse instructor 
specifically fbr use in Training Trust cburses. 
Using some material _frpm J;he Westinghouse 
Numa Logic programing and applications manuals 
and some original material, he devised ah instnic- 
tiorifid package sp^^^ geared for skilled 

tradespeople with knn':viedp:(j of electricity but not 



necessarily bf electrbriics. The sarrie approach— 
, based on re^aUng thepjm^^^^ 

ation of progrEcmmable controllers to the theory 
and bperatibh bf electrical and electromechanical 
devices— lectures arid harids-bri exer- 

cisesl When 'teaching Boolean algebra^ for exam- 
ple, the instructor relates it to common electrical 
jprbbleriis the trainees already understand, arid 
specific Boolean algebra problems given in class 
and for homework are based oa actual wiring prob- 
leriis the electriciaris wbuld be likely tb run into in 

the field. / 

Another exEcmple of this approach would be the 
instructor's method of teaching t lie theory and 
bperatibri bf tiriiers arid cburiters^ which^are arribrig 
the basic components of PC systems. He explains 
the use and purpose of timers and counters by re- 
latirig therii tb relays and electrbmechanicai de- 
vices; explains how pf ogramin^^ takes the place of 
wiring when deaKng with progr^onmable control- 
lers; arid assigns in-class, hands-on exercises to 
reinforce the basic cbricepts. 

The initial exercise is always reinforced by a sec- 
ond exercise which is very similar to the first. 
Hbmewbrk, iricludirig readirig arid problerii exer- 
cises, is assigned weekly to further reinforce the 
material taught in class and to lay the basis for 
the riext week's lecture arid labbratbry work. Al- 
though no final grade i^j;iven, tests are 
at the beginrdng and end of the course and are sup- 
pleriierited by weekly quizzes— all bf which help the 
instructor to know what to emphasize for each iri- 
dividuaL class. 

Both PC Land PC II are approximately 70 per- 
cerit lecture, 30 percerit harida-bri. Iri PC II, the 
programing and troubleshooting exercises become 
more difficult as the course progresses, as the sfu- 
derits are taught tb reapply what they have al- 
ready learned to increasingly di^fficult problems. 
No specially designed trainingLmanualis usee} for ... 
PC II. Instead, students use WestHTghbuse pro- 
granlingand apphca^tiqns ma^ Students in PC 
ill will have access to the programing and applica- 
tion dbcurheritatibn for aUbf-the-syste^ 
and will learn to write basic prbgrarris arid riiodify i| 
existing programs on these systems. In addition, 
they will learn to identify similar problems in all 
the rilbdets, albrig with methbds for trbubleshpbt- 
ing the various systems. Students in this advanced 
course will be expected to complete a great deal 
bf readirig bri their own time tb free up the majbri- 
ty of tjie class time for practical installatiori, pro- 
graming, and troubleshooting exercises. • 

Tb increase the ambunt bf harids-bn time avail- 
able to each Jtudent in the PC II classes,, a riew 
system was inaugurated in the 1983 winter-spring 
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schedule: Each student in these dasses had the op- 
portunity to take a prbgrammable controller for 
a week of at-hbrile practice: In addition, students 
in future classes will also have access to the new 
training equipment presently being purchased, 
which wiU be ma;le available to them at the Metro 
Facility when it is not being used for training 
purposes: 

eourse and Student Evaluations:— ^ 
Evaluations of the Courses-Students compleS:^ 
written evaluations of the course, the instructor, 
the facilities, and the instructional matenal. While 
there is no f ormal course evaluation by the trust- 
ees, the JJEAC, or the training Trust staff, both 
the I BE W Local aiid the local NEC A chapter pro- 
''vide unofficial channels for evaluation of^ the 
course by both contractors and journeymen. Con- 
tractors who employ union members who have 
completed the class give NECA informal evalua- 
tions of the workers' skills, and this information 
is transmitted to the Trust through the contractor- 
members of the Trustee committee and the 
iJEAC. Similar informal evaluations reach the 
Trust via theunion representatives who sit On the 
various committees. 

Evaluations of the SEudents:-Since journey- 
man skill-improvement courses are taken on the- . 
students' o'wn time and on a vOlUritary basis, no 
course grades are given, arid itis not necessary to 
pass a final exaimiriation to graduate from any 
iburrieyman course: However, the new selection 
criteria for admission to PC I arid PC U will re- 
quire that students in the less-advanced courses 
illustcate the abilitv to proceed with more-ad- 
vanced coursework as an admission requirement 
to PC II and III. 

/ 

I Results 



I- 



As of February 1983. 89 Local 11 members had ' 
Completed the basic course and 29 had completed 
the intermediate course. Since the Tnis^as no 
formal f5How-up mechairiism for tractai^_ gradu- 
ates of the jbufrieymari courses^it is difficult to 
assess the overall results o;f the training in terms 
of job performance dnd/br exparided employjient 
opRortunities. Interviews with the Training Trust 
staff, the PC instructor, students, and contractors 
have produced some data, which, though bmited, 
illustrate sbme training results in si 



c in- 



St£iriC6Si - - - - 

Of nine jour4ieyrnon interviewed in the Jm^ 
1983 PC n class, one was currently working on 
a PC 'infltallafeibn, one had been hired from the haU 



to work on PC installations in the past, and 
another was preparing to become one of the new 
PC instructors. AU three were taking the course 
to inc-ease their applications and troubleshooting 
skiUs, and one noted that the course was especially 
helpful in teaching him to recognize troubleshoot- 
ing problems. The other six had not had the op- 
portunity CO work with programmable controUers 
on the job. bat were taking the course for two rea- 
qon^: 1^ ^ o prepare themselves for future opportu- 
aities, aa^ 21 because they beHeved it wrts incum- 
b-r.t or, them tu develop the skill to work with thr 
eh'Ctronic and computer-aided equipment ti.ey 
no^ see to be replacing electromechanicaJ devices 
lU rriahy dperations; j r — u 

Those who worked out of the hall Jtated that the 
PC courses they had taken would gi:ve them a dis- 
tinct advantage in obtairung work, smce they 
would be able to respond to "specialty caUs" (re- 
quests for workers with specific skills) for Ppm- 
stallation when these come into the liiring hall. 

Six of the eight contractors interviewed pro- 
vided in-house PC training for their Local 11 em- 
ployees.** One, hbwevof. said that he 'expects 
his erriplbyees to take the Training Trust PC 
^ courses and that eight of his employees who had 
taken the course had improved their skiUs. While 
onp large contractor who provided formal traimng 
classes did not see the need for his ernployees to 
take the Trust classes, he dyl support the train- 
ing for other, smaUe; contractors. Three others 
whoj^royided their own traininf did not h^ve a 
present need for more employees skilled in PC in^ 
staUation. They cbUld anticipate, however, a futures- 
need and thought that the course ^aduates would 

be attractive hiring prospects^: _^ 

0ne employee of anbthrer 5f the contractors had 
. taken the class butTbecause the contractor had an 
adequatennmnber of employees whb were experi- 
enced in PC instaUatibns, the course graduate had 
riot yet had the opportunity to do any^i^nstsdla- 
tibns. He would, though, be ''first in hne for such 
work should the need arise. Another ccntractor, 
who ha'ci hired twb course graduates,^ noted^that 
the PC and process instrumentation cburse«rpro- 
' vided by the Trust save cbhtractbrs time and mon- 
ey by enabling them to make installations with- 



*Althbughn6 formal refresher cQurges are provid^^^ 
do not have the opportunity toj^ractice their new 
1 i members mffy mluntoin ond.increose their_skitl3 by taking the m 
advanced coursoc. PC 1 1 1 is so designed that students can Benefit from 
repbafihg it one or more_time9 to got additional^hands-oa practic^^ 

"Training ranges from formal classes to on-the-job instruction. 
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out first having thejr employees trained by 
eqnipment manufacturers' ropresentatives. 

In terms of direct results of tHe traihihg, emplc^yr- 
t?rs' and student s^^ i*L^A^?t^ ^hiat 

tiveiy small proportion of the graduates ^possibly 
a third) have had an opportunity to make use of 
their training bh the job. Since, however, gradu- 
ates of the courses delivered as far back as 1981 
were not available for interviews, the actual num- 
ber of graduates currently using their skills may, 
in fact, be much larger. 

For the remainder of Jthe graduates, the primary 
result of the training has been to increase their 
empldymeht poteritial and to offer them the oppor- 
tunity to work with a higher level of technology 
which, according to all the journeymen inter- 
viewed, is more interesting and less dirty" than 
the ''wire pulling" and pipe bending they often do 
on installation jobs. According to the Westing- 
house instructor, who is also engaged in sales and 
service of PCs and other control isys tern com 
nents, today 's $370 million PC market represents 
a tremendous growth over the last 3 years. He pre- 
dicts that, by 1990, the market will have grown 
to at least $500 million and that one result of that 
growth will be an ever-increasing need for proper- 
ly trained workers on the part of electrical cbh trac- 
tors who i;>:;rall (arid often design and engineer) 
control systems for manufacturing facilities, proc- 
essing plants, newspapers, and numerous other en- 
terprises. __ 

According to the chapter manager of the Los 
?\:ngeles cffapter of NECA, the training provided 
by Ihe Trust gives small- arid riiediurii-sized cbri- 
tractbrs who do riot have the resjJUrces to train in- 
house the opportunity to bid on installations in- 
corporating PCs and other sophisticated controls. 
Nbt brily will the Trust classes train their perma- 
nent employees, but they also help to develop a 
pool of trained workers in the hiring hall who can 
respbnd to the PC specialty calls frbrii cbritractbrs. 
This issue— i.e^ the future potential of the gradu- 
ates and the potential opportunities their new 
skills create for local con tractbrs— will also be evsd- 
uated In sectibn III. The remairider of this section 
will focus on problems directly affecting the train- 
ing courses, and the solutions to those probleriis. 

Prbblems/Sblutibris. — Because so mariy of the 
students do not have the opportunity to work with 
PCs on the job, it became increasingly clear to the 
instructbr that the aniburit bf class time^aygdlable 
for hands-on experimentation and pl-actice on the 
equipment was inadequate. Two new procedures, 
both instituted in the first few riibriths bf 1983. 
lessen the eff^^ct.s of this problem. 



The extension of the PC I course to seven ses- 
sions has .added 3 additibnal hburs bf harids-bri 
tiriie, lipping the total class hburs available for lab- 
oratory work from 6 to 9. Wiriie the extra class 
time is helpful, students in a class bf 12 (the aver- 
age size bf Trairiirig Trust PC classes) jtiU have 
less than a few hours each on the equipment; it 
is the second solution^ therefore, which is the most 
prbmisihg: in tho PC II classes thSt began in Jari- 
y^y_l?^^»_?y_^i_ he students ^oqk one of the PC 
consoles home for a week or more. This, allowed 
them to apply what they learned in PC I, arid to 
expeririierit with sbriie of the prbgraimrig^apj^^ 
tions they covered in the PC II; According to the 
instructor, an "immense" improvement was seen 
bbth iri the weekly hbriiewbrk arid in the final ex- 
??yO§tion once all of the students had ample ' 
hands-on opportunities. 

Another new practice, sbbn tb be iri stituted, will 
allow for everi more harids-bri bppqrtun 
Metro Facility laboratories wiH be made available 
during the day and on those nights when PC 
classes are ribt iri sessibri. This Will eriable ad- 
vanced students in PC II and studer^ri in PC III 
to practice on the Alien Bradley, Moii icon, and 
Texas Iristrumerits prograrnmable cbritrbllers, 
while PC I and less advanced PC II students can 
continue to use the Westinghouse systems at their 
own homes. Since there is usually Uttle or nb bver- 
lap iri the schedulirig bf 

this system should provide ample hands-on oppor- 
tunities for any student willing to avail himself bf 
them. 

A second probiem, closely related to the first, 
is the lack of time in an 18- to 21-hour course to 
cover a great deal of cbmplex material. Here, 
again, the extra sessibri recently^ added to PC I will 
be of help, as will the recent emphasis on encour- 
aging those who do poorly on the entrance ^ami- 
riatibri tb first take the riibtbr-cbritrbls course. The 
instructor also encourages beginning stmients to 
t£ike the Trust's process instrumentaticyri course?, 
which cbvers the furidariieritals bf sbUd-state elec- 
tronics and provides those students who take it 
with basic skills and information applicable to the 
PC courses. The mbre infbrmatibri abbut mbtbr 
coritrqls arid sblid-state electroriics_entering PC 
students have, the easier it becomes to move 
quickly through the iritrbductbry materigJ iri the 
first twb sessibris arid spend more class time bri 
PC progr_apiing, installation, and applications. 

Another related problem is the widely varying 
kribwledge arid skills bf the studerits. The iristnic- 
tor fistimates that, in a class of 12, four or five 
usually exhibit a ready grasp of the material. An- 
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Other two or three demonstrate a less-thari-cpm- 
plete understanding, while the remainder are un- 
able to make the transition between the principles 
governing electricity nnd those governing electron- 
ics and do not grasn t'\e different ap^rpach re- 
quired by prbgra Jiirg^ as opposed to hard wiring. 
Oh the other hand : notes that many students 
who **don't get U the first time around show great 
determlhatic repeat the basic course one, 
two, and even moie times. — 

Because the courses offered by the Trust are free 
of charge to the students, motivated student^ who 
nevertheless require additional time to absorb the 
material can learn at their ownpace— and, accord- 
ing to the instructor, "once it clicks the worst hur- 
dle IS over and the rest comes with piV^c^u -j ar ' 
application.' Oii the other hand, the- great variety 
of aptitude and learning speeds within a. single 
class does present a problem for the instmctor and 
holds back the faster learners. The newly insti- 
tuted enrollment controls should relieve this prob- 
lem to some extent, especially in PC II and IIIi 
but it is doubtful that it can be entirely solved. 
Similar problems haye^been noted in classes de- 
livered by reprogrammable equipment vendors 
and by many teachers of introductory courses in 
a vast array of disciplines. . _^ 

A final grqblem noted by the instructor is also 
one that is common to other industrial training 
courses involving reprbgreuninable e^^^ . 
prbbl^m^resistance on the part of many students 
in* the basic course' to the new concepts, theories^ 
and techniquies that must be leEo-ned^^^^ 
itself in the Training Trust PC I classes as an ini- 
tifill attitude of skepticism held by as many as half 
of the first-night dnrollees. The instructor, there- 
fore, dovotes a pbrjtiph of the Hrst night's lecture 
to a general discussion of the growth of solid-state 
controls and computer-aided equipment and the 
present and potential effects of the changing tech- 
nology oh ah electrician's job. 

He then presents his own perception of the 
trade— that, in the very hear future, if not in the 
immediate present, there will be two kinds of elec- 
tricians: technicians and those who, as the tech- 
nology expands, will be stuck with lower level jobs. 
Technicians, he says, \sdU get^better, steadier^^^^ 
while the dthers will spend more and more time in 

the hiring haH. . . i 

While most of the stud^ts respond posit^^^ 
to his appraisal^ a few maintain their skepticism 
and either drop out of the class or continue attend- 
ing withput applying themselves to the course ma- 
" terial. In many cases, it is older workers who are 



either iiearihg retirement— or who fa^^^ 
pect of uhlearriirig ititich of what they have spent 
years leaniing— who are the most resistant to the 
new technology. On the other Hand, a number of 
older students have learnedTirpidiy"^d-weil7~-- 

Evaluatidn of Present and Futtife Capacity 

PresenLG^pacity.— According to loc^ 
tional IBEW representatives and local represen- 
tatives of the National Electrical Contractors As- 
sociation, the Los Angeles Electrical Training 
Trust has the financial resources and the solid 
backing of both management and labor required 
to maintain its current , level of high-techriblb£^ 
training and to extend that training into other 
Iiigh-techhblbgy fields as the needs arise. Local 
IBEW and NECA officials believe that their work- 
ing relationship is among the best in the coUntry, 
and this sentiment is echoed by individuri contrac- 
tors, unibri members, and the Training Trust staff. 
The relationship between the uhibh and the con: 
tractors' association is, of cburse^ a cnicial factor 
affecting the administration, direction, and^the 
spedfic training courses offered by the Trust, since 
the trustee committee, the educational commit- 
tees, and all of the subcbminittees have equal rep- 
reseritatibn by labor and management. ^ 

High-technology training courses like thbse in 
programmable cbhtrbllers £md prbcess instrumen- 
tation are clearly advantageous to botkthe union 
and the^on tractors' association. According tb the 
Westmghouse instructor, PC manufacturers are 
already having dif f iciUty k^ping up with installa- 
tibh arid seryice^support requests^ As the PC mar- 
ket expands, manufacturers like Westinghouse 
win— as Allen Bradley, Texas I^nstniments; and 
Mbdicbri have already done— turn more and more 
to support system houses operated by electrical 
contractors and distributbrs to jiroyide design, en- 
gineering, iristfidlatibn, and service to the end- 
user.* This will result bi expanded opportunities 
for electricrf contractX)rs arid a coitespbndingly ex- 
panded need for electricians trained in PC installa- 
tibri arid service. _ _ . . , 

PC III training is especially berieficial to the 
small contractor whb bperates independently of 
the riiajbr riiariufacturers and who does not have 
the advantage of distributing the equipriierit or of 



•Whereas Allen Bradley. Modicoh. and Texas Instniments use sys- 
tern houses for sales as weU as design. instaUatio.n,iind__8)ipport sery. 
ices to the customer. Westirighduse plans to continue aeUing its own 
systems and to i«commend certain system houses for engineering and 
service. 
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customer referral, by the manufacturers, Such 
smaU-tj>me^ contractors must be able tahan- 
die installation and service of a variety of models 
in order to bid on a larger number of cqr tracts and 
to purchase the best and most cost-effective sys- 
tems for his customers' specific needs. It is, there- 
fore, to their obvious advantage to have perma- 
nent employees who are well-versed in a number 
of different systems and to be able tojglace 
"specialty calls" in the Hiring hail when they need 
extra workers for a large installation. 

Local cbhtractbrs interviewed had installed prb- 
grammable controllers in a wide^ariety of enter- 
prises, including food processing plants, refineries, 
breweries, battery plants, and shipyards. A num- 
ber of contractors specisQize in conveyor systems 
and had installed PC-automated conveyors in man- 
ufacturing and processing plemts and in airports. 
Two of the larger cbhtractbrs had, in the past, in- 
stalled PCs in £Uto assembly plants— including 
Ford, GM, Toyota America, .and Honda. Now, 
however, they are feeling the effects of the ecbhbm- 
ic down turn and are forced to look out of the area 
for large, heavy mruiafacturing installation jobs. 

Although the depressed state of some segments 
bf the Ibcal construction f."iarket has resulted in 
fewer contracts and less work for uectricians at 
the present time, both management emd union of- 
ficials are committed to increasing the training ef 
fort. The relatively fayjjrable c 
in yeeu-s past has produced a sizable trust fund; 
making it possible Jor the trustees to invest in the 
equipment arid cburses they beheye are riece^^ 
to prepare the workers to compete for present and 
future jobs. Furthermore, some segments of the 
market shbw sighs bf ari upswing. There has, for 
example, been a recent resurgence of the petroleum 
industry in the area, which has produced work for 
con tractors and electricians skilled in process ih- 
strumeritatibri. 

Current Training-Retraining issues.— 

Higher Wages for Increased SkiUs?— One of the 
most significarit trairiirig-related issues facing the 
umon and the oontra^^ is the feel- 

ing on the part of a number of rontractors and 
some union members that thbsejburrieyriiari elec- 
tricians with high-technology^ skiUs should draw 
higher wages than those who do not upgrade their 
skills. ; 

Supporters bf the dbuble wage structure for 
journeymen fall into a number of camps. Some 
support the notion of a **super-journeyman,'' i,e,, 
a jourrieyiriari who is, essentially, a techriiciari with 
skills in such areas as solid-state controls, proc- 



ess ipstnimeritatibn, nudear instnlmentatibn,^€^ 
or fiber optics and who would draw a higher hourly 
wage ihan journeymen with **lbw-techhblbgy" 
skills. The reasoning is that those electriciaris whb 
are already journeymen anu have, essentially, been 
**caught short'* by the new technolo^ should not 
be * 'punished'* for hot deyelbpiiig new sWlls, but 
that those who do upgrade their sk^ should be 
given monetary incentives for doing so. 

Qther supporters of the double-wage structure 
believe that a **sub^burheymari** classification 
should be created for those without high-technol- 
ogy skilis. Subjoume5anen would make less money 
than fully fledged journeymen with technician- 
level skills arid, again, would have a riibrietary iri- 
centive to develop expertise in electronics. 

Other variations of support for a double, or k 
sliding, wage scale wbuld hbt**charige traditibrial 
occuptional clASSificatidns but wj)U^^^ some 
manner, provide higher wages for increased skills. 
This could be achieved by classifying PC ihstalla- 
tibri, prbcess instniriientatibri, Juid other work in- 
volving high- technology skills as * 'specialist cate- 
gories.** This meems that journeymen working on 
jbbs irivblvirig thbse skills wbuld receive a preriii- 
um wage for the duration of that job. Two such 
specialist categories already exist: cable splicers, 
who do hazardbus work bri high- volt age cables; 
arid electricians wh^q are also certified welders. 
Both receive extra puy when working on jobs re- 
quiring these extra skills. Those who would make 
PC iristaUatibri arid pro^^ into 
specialist categories maintain that this would pro- 
vide an additional incentive for electricians to up- 
grade their skills without creatirig sweepirig 
chants in the occupational^ structure of the union. 

tocai and national unioh officials are opposed 
to the abbve-mehtibhed variatibhs of a wage dif 
fereritial. The business mmager of I^al 11 jibirits 
out that the creation of a "super-journeyman** cat- 
egory would place a burden bn cbhtractbrs, who 
are ^eady payirig jbunieyme^^ a regular wage bf 
more thai! $23 hour in Los Angeler On the* 
other hand, he believes that the creation eta **sub- 
jburheymah** classification wbuld defeat the phi- 
l^osophy of the apprentices[up progr^ and would 
serve as a disincentive for apprentices, who_would 
have a double hurdle bei.>re becoming fully fledged 
jbunieymeri. Creatirijg a "spedaUst c 
PC installation, he believes, is a stop-gap measure 
that would, while creating a mbnetary incentive 
for electriciaris, also place mbrietaiy restraints 
contractors. His approach— which is also the ap-: 
proach of training and education representatives 
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at liiterhatibrial headquarters—is to focus on up- 
grading the general skiil level of Local 11 journey- 
men to include skills in prograrnrriable controllers 
and other solid-state electronic skills: 

WhDe both the local and international union rep- 
resentatives recognize that their approach is more 
cbstlv in terms of time (i.e.. that higher wages for 
high-trchhdlogy skills would induce more journey- 
men to take advantage of traiiiing opportunities), 
they also believe that the industry cannot afford 
another wage increase. According to fcocal 1 1 rep- 
resentatives^ those electricians who do not devel- 
op the skiHs required by the advancing technology 
will be less and less capable of performiiig the woiic 
arid Will, eventliallyr^be pKa^ 
inability to obtain work. International IBEW rep- 
resentatives ^oncur in that prediction joid empha- 
size that the value of a broad-based apprenticeship 
program is that it creates a flexible tradespersbri 
skilled in b wide variety of tasks. Highly paid spe- 
cialists, they argue, are too Umited 
work required by the vast majority of contractors. 

Future Capacity.— The future capacity of the 
Los Artgeles Electrical TrmningTrust to provide 
trairiirig arid education in programmable automa- 
tion and other increasingly technical electronic ap- 
plications is dependent not brily on the internal 
capacity bf the Trust to provide courses but also 
on the continuing strength of the union itself. A 
1980 Jelectricians* strike resulted in higher wages, 
but also caused the Ibss bf 60 to 100 small contrac- 
tbrs frbiri the Los Angeles NEGA chapter. The 
strike, which occurred in June, was fbllbwed by a 
depression In tht^ local cbristructibrimju-ket, which 
put furtHer strains on the remaining uriion contrac- 
tors. At present, the approximately 40 percent of 
electrical contractors in the Greater Lbs Angete 
Area whb stiU riiairitairi union shops must contend 
with nonunion contractors who can often under- 
bid them because of the Ibwer wages received by 
nonunion electricians. 

Bbth th^Lbcal and the international recognize 
the problem that the higher union wage scale poses 
for the contractors. What the umon has to offer, 
they say, is responsible negotiation: an insistence 
on apprenticeship training and an emphasis bri 
journeyman training; and a skilled pool of avail- 
able labbr iri the hinng hall that obviates the 
necessity of "permanently" hiring in tiines of 
plenty and firing iri lean tiriies. Lbs Arigeles NECA 
representatives gmd lb^ahcon tractors interviewed 
specifically emphasized their belief that the man- 
agement of Local 11 is both respbrisible arid re- 
sponsive to. the needs bf the contractors: 

The L. A. Training Trust— which stressed the 
value of increased training when tiriies were 



good— is eriiphasmrig it eyeji^m times of dif; 
ficulty. It is building its capacity to offer riiore— 
Emd more advanced— courses to those wl^ have 
the individual mbtivatibri arid who ^®sp(5nded 
to the cbristant encouragenient to take advantage 
of the training opportunities that exist. The PC 
III course should take instructibri in progr^arnma- 
ble cbritrbllers well beyond the **famiiiarization'' 
level o^the_PC I course. The process instrumen- 
tation pro-am will produce **techriiciaris'' quali- 
fied at four advaricirig levels: device level, loop 
level, system level, and instrumentation/process 
control level. The Trust is also currently prepar- 
ing instructors to teach fiber optics cpursej, and 
is exploring: thepbssibiUjiy of purch^^ Heath- 
kit robot for a proposed robotics course.; 

in addition,: the Los Angeles Trust has, of fered 
to assist IBE W locals in other nearby jui^sdictions 
by opening the Trust laboratories to otK^r Locals 
by reciprocal agreement and helpirig th^m^^t^^ 
sign high-techriblb^ courses. Information pro- 
vided by the Lbs Angeles ETT and by other Local 
IBEW training organizations funded by JATC 
trusts is also being used by the Iriternatibn^ 
ing brgariizatibri to develop PC courses that, with- 
in the next 6 months, should spread to at least 100 
other tr^Siirig sites. The iriterriatibrial brgariization 
is also (ievelbpirig riiaterials to assist local orgra^^ 
zafribris iri^ teaching semiconductor and fiber optics 
programs. 

It is, however, utUriiately the responsibLUty of 
iridividual uriibn members to support the Local's 
and the International's claims of quality trairiirig 
by voluntarily upgradirig their skills in high-tech- 
nblogy fields. The Training Trust itself is now fac- 
ing the problem of attempting to prbyide * Equality 
training" while, at the sariie tiriie, prqviding^ the 
oppbrtuhity for all of the eligible Local ii mem- 
bers tb attend the courses. The evaluatibn and se- 
lection procedures instituted for the prbcess iri- 
strumentatibri arid prbgrammable controller's 
courses gb against the grain of the Trust's basic 
philosophy, but they nevertheless represent prbb- 
lems that are ribw beirig addressed. 

Tb riiairitairi credibility, the Inside Construdtion 
Locals must continue to provide workers whbse 
skiUs are appropriate to the cbri tractors ' needs. If 
training brganizatibris like tiie Los Angeles Ti'ain- 
irig^Tnist cannot upgrade the skills of significant 
numbers of journeymen through the prbvisibri of 
voluntary cburses, the uriibri may be forced int^ 
giyirig serious consideration to the **subjourney- 
man" concept— which, of all the variatibris bf the 
notion of wage differeritials based on high-technol- 
bgy skills, seeriis to be gaining the most adherents. 
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Case Study 5 

GAD/GAM Operator Training Program: Glendale, Galif. 



Summary 

ThjB Gllehdale CAD/CAM* operator training pr<> 
gram was sparked by the spirit of jnnovation and 
cooperation on both the State, and iocai ievels; 
Funded by a coinbiriatibn of Federal and State 
"^^^^ys and spqnsoriEid on t^ State level by two 
State agencies, tha Glendale program is one of six 
pilot programs in California which bring together 
collegesv iiidustHes, ahd^^^^^ government agencies 
to train California residents to work in emerging 
or expanding technological fields. The iStlendaie 
program, which trained participants with drafting 
backgrounds to utilize computer-mL.>i design sys- 
tems for mechanical design and printed circuit 
board detailing, was a cooperative venture be- 
tween Glendale Cdmmuhity College, local indus- 
tries, the City of Glendale, and other local organi- 
zations. At the end of ihe first cycle of the pro- 
gram, 7 of the initial 12 enrollees were employed 
as CAD/CAM operators and three othe^rs found re- 
lated drafting jobs. At this writing, the second cy- 
cle is still in session. 

Background 

Cbprdiriated Funding Project fci New yocatiou- 
aj Education Progr^ Coordinated Fund- 

ing Project— administered und^r the joint sponsor- 
ship of the Chancellor s Qffice of California Com- 
i^.^nity Colleges arid the State's Employment De- 
velopment Department (EDD)— is an innovative. 
State-level response to the need to develop voca- 
tiorial education programs in emerging arid ex- 
panding technologies in a period pf budget cuts 
and reduced resources for educational programs: 
The statewide project was created in response to 
recommendations of a legislative *Task Group'' 
set up in 1979 to review vocational education in 
California and to suggest h^ v/ vocational educa- 
I^^PD^^^As could be utilized riiost effectively. Iri its 
final report, the Task Group made the following 
recbmmendaticns: 1) adoption of State-level ad- 
riiiriistratiye policies to allow for cbnsblidatibri bf . 
resources,** 2) greater private-sector involvemerit 

*Coinputer ui ded disai^ P pd coniputer*aided^^m 

** 1 1 was notL»d in tho report that the existence of a ''myriad of pro 
grama providing occupation aJ traJriing'' Had resulted in fragmentation 
of funding and administrative procedures and created a significant ob- 
stacje to effective coordination. 



in yocatiorisd trm^ arid 3) exparisibri bf prb- 
grams linking worksite training and classroom 
instructibn. • — _- — _ 

The Cbbrdiriated Funding Project is a cbriibihed 
effort on the part of Chancellor's Office and 
the»EDD to consoHdate State and Federal funds 
frbrii three sbiirces----the Cbmprehensive Education 
arid Trainirig Acj; (CETA), the California Wbrksite 
Education and Training Act (CWETA), and the 
Vocational Education Act (VE Aj— to support pilot 
edUcatibri arid trairiirig prograriis ihvblvihg a high 
level of coordination between coUegeSj^priyate in- 
dustries, and (in sonie instances) local government 
bodies. 

^"_^PX®^^®r _ staff serit Re- 

quests for Proposals (ftFPs) to ail of the communi- 
ty colleges iri Califbrnia asking for concept papers 
outlining iriribvatiye prograriis iri eriiergirig br ex- 
panding technologies or labor-intensive occupa- 
tions that combine classroom instruction with 
wbrksite trairiirig iri brder tb: 1) upgrade basic 
work skills, 2) provide entry-level trairiirig, or 3) 
enhance or build on the skiHs of displaced workers. 
The cblleges were specifically requested to design 
programs for occupations riot iricluded in their cur- 
rent curricula and to seek new solutions for long- 
existing prbblems. Specific objectives to be met 
by each local prpgr^^ the follbwirig: 

• to provide vocational training programs meet- . 
ing specific local employers' needs; 

• to inyblye local eriiplbyers arid bther apjprbpri- 
ate entities in proje^rt^lanning, cum de- 
sigh, and training implementation; 

• tb prbvide effectives bb skills training tb the 
project ps^ticiparits; ^ 

• to obtain continuing employment with career 
advancement potential for project partici- 
parits; arid 

• to incorporate the resulting curriculum into 
bngbing college vocational education pro- 
grariis. 

Over 00 colleges responded tb the RFP^ arid iri - 
Jahuaiy 1982, four individual coHeges and two col- 
lege cbiisbrtia were awarded cbntracts tbtalling 
$800,000 (for aU si:>^programs)^ The tbp-rariked 
proposal was^ program submitted by Glendale 
Cbmmunity College (GCCj to train CAD/CAM 
teclmidaris. Iri Feb \ 
$84,271 to train 24 participants (12 in each of two 
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training cycles);* shortly thereafter, five other tion "below the lower division te^ which in; 

Ss^or COnSoVtia of schools were awarded con- eludes »^work leadmg t^ citssw cH:1zensmp 

tracts to train participants in fields such as com- ploma. career and vocational classes, cit^ensmp 

ing, digital electronics and microprocessors, busi- of^he commumty _ _^ tppphMv 

rie!s machine and computer repair, and solar and GCC was founded in 1927 ^^^^""td rece^^^^^ 

aicohol technology and wood products manufac- was under the jurisdiction of the Glendale fachool 

aiconot tecnnoiogy tmu f Board, which was also responsible for the primary 

Thiremainder of this study focuses on the CAD/ and secondary-level education system in the dis- 

CAM Snif^ program operated by Glendale f"-t, ^n th. fall o 19^^^^^ 

Pnmmunitv CoUece In the fall of 1982, a new ly responsible for the Glendale yoraraumty touege 

it^SSiv^ tU^ "intestmentin People," set D-tnct, was cj^ted T Ws^ a^^^^^ J^S^S^ 

aside $3,400,000 to fund other coUege programs f|g«^»^«"t m relation to th^^ 

of a nature similar to those supported by the Coor- tionai education programs and to special Projects 

SnatSpundSig Program. Glendale submitted an like the CAD/CAM operators program jn that the 

SsVmlht ii S containing a mod^ president/superintendent of the new school board 

fiedS expand^^ of its originll CAD/ has expressed ? specific^°°-"if *|2f^^^ 

CAM progrmn and was awarded $55,885 to train educaUon^d is a member of the Gtendale Pnvate 

pS^afp^tici^tsinvariouscomputer-aided ijthrSgff ^S^S;^^?:!^" 

gram-The Glendale^^irogram is an attempt to ^^^^^^^ or more vocational education 

demonstrate the feasibihty of coordmatmg a va- urees. 

riety of funding sources JCETA, CWETA,^ and ^^^^Ife^CAD/CAM Operators' Program was coor- 

VE A) as weU as the efforts of a variety of partici- . college's director of special prb- 

pating organizations and agencies The project is | ^^^^^ drafting in- 

ta joint effort on behalf of Glendale Commuraty f.^l^ 

boUege Jet Propulsion Laboratory. S^^^^^ Propulsion Laboratory (JPL).-JPL was 

kcope. Computervision. the City of Glendd^e, and estabUshed bv the California Institute of Technol- 

ke Glendale Private Industry CouncU, The re- f^%^ySafaprivai;e. nonprofit research and 

mainder of this introductory section is devoted to ^f^^^^p^^nt laboratory.** Located on the out: 

brief descriptionsofthesepartici^^^^^^^^ Glendale in La Canada, Calif., JPL em- 

tions and the part each plays in the O AU/U AM approximately 4,600 people: approximately 

program. Section II descries the project activities f^^ ^fsn^fers and scientists; 2,606 are snp- 

bf each major player m greater detmL - ^^^^^i; 200 are engaged in manufac- 

Glendaie Commumty College.-Glendde Com: ^^^l prototype products (see fbUofing para- 

manity CoUege (GCCJ, M''^^^^^^^ |aphX wSeSe laboratbry was founid in 1945. 

program operatbr, is ful^ accredited by the West- ^ P ' _ ^. _ ^ complete rocket research 

ern Association of Schools and CoUeges as a 2-ye^ ^d developmerTt for the U.S. Army. In 1959, it 

institution providing both gener^ arid specialized ^.^^".^f ^^^^^ Aeronautics and Space Admin- 
education to youth ^d^f i^rSn (SaSA) research center: Today, although 

objectives are to: 1). educate student, to meet the _ ri^cipal contract is stiH with NASA. JPL Slsb 

lower division requirements of a umversity or 4- ^^^^^^^ andJevelopment cbntracts with the 

year coUege. 2) provide pbst-secbndaiy vocation^ Jf"^^™ ^ Ener©^ the Department of De- 

educdtibn for students preparing for entry-level ^ P Natibnal Institutes of Health, some local 

positions and for employed students upgrading ^^^^^'^^^ ^dlome- private industries, 

their skiUs for job advaricerhent or to meet new job agencies, a na some 

requirements, 3) pOdt-SeCOridary education^ for ^certificate programs are primarily business or technical prograros 

"oersOnal improvement" (i.e.. COUrsewbrk taken tb designed for students preparing tb enter tHe job marJcet upon eomple- 

personairaprove^^^ , , tion of the prbgram. Transfer programs are deSigMd for ^^^^^ 

satisfy individual interests and which aoes not contln^thelr ^ucation ati 4-year institution 

lead tb a degree br certificate), and 4) adult eaaca- ••cai TecK continues tbmaha«« spin's conrraco. Accordmg to a jjpi^ 

section manager, the difference beiwooii CKe research condjicb)d at^G?l 

-- . , i J , ,„ , ,., ,„i.„., rio«rf>om/ Tiih's main campus in nearby Pasadena Bnd that cQniluxted by J PL 

the participating companies. 
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As a NASA con tractor, the principal focus of the 
laboratory 's activities is lunar and interplanetary 
in vestigation— tracking ahd acquiring 4ata from 
satellites and probes in NASA's deep space net- 
work: Currently operating at a funding level\Of just 
over $350 million, JPi, concentrates on res§arx:h, 
(development, and design of prckiucts. Its mahufac- 
turing activity , therefore, is Jimited to the produc- 
tion of prototypes and is a proportionately small 
part of the lab's responsibilities. For this reason, 
JPL has little computer-aided prbductibri equip- 
ment; it does, however, _have approximately 500 
computers (ranging from mainframes to nricrosj 
which are primarily used for cdmputer-aided de- 
sign and other cbmputer-mded engineerihg appli- 
cations such as analysis and simulation of engi- 
neering data.* 

According to JPL*s Desigri and M^hahical Sup- 
port Section manager, JPL* s concentf a tion on de- 
velopment, design, and **first articlfe delivery" 
means that the laboratory uses cbniputers and 
computer-mded syste primarily as analytical 
tools rather than as production tools. The current 
focus of the Design and Mechanical Support Sec- 
tibri is to attempt tb save money arid other re- 
sources Jn th^ preliminary stages of manufa^ 
ing by infusing into the design process tha ability 
to do simultaneous analysis, material selection, 
arid selection of f abricaUbri work in an atteriipt to 
create a product desig:n that could be implemented 
without wasting material or having to reconfigure 
tbbling iri the riiariufacturirig process. 

J PL's Design and Mechanical Support Section 
participated in the Coordinated Funding Project 
parti>»*iy because bf its growing need for CAD/ 
CAM J^Pej^tbjs sii^^ wjieri the sectibri iri- 

staUed its first Computervision CAD/CAM sys- 
tem. According to the section manager, the intro- 
ductibri bf cbriiputer-aided desigri iritb the sectibri 
enabled it to bid on and complete more work in less 
time and also—because the design engineers* time 
is cbrisidered tb be tbb valuable tb db detail and 
documentation work^n their designs— created a 
need for a new category of employee— ''CAD/GAM 

•"Computer Aided Ehgihcerihg (CAE) ! . Mhcludes tlHbse computer 
HvsXfma designed to facflUktoComputo- Aided Deaigti (CAD). Computer 
Aided Mohufacturirig (CT^M). Computer Aided Business Systeitis 
(CABS), the Ihteractive Computer GrapHis (ICG), aiid aD those other 
aystema that facintatc the solution of ehgiheenhg problems: It plays 
« koy role in areas such as design, analysisu detaitihg. documehtatioii. 
N/(' progranjing^toohnif, fabrication, assembly, quality control, testing, 
and all aspect.^ of manageroejiLof tbsdata base_rolevAnt toibe pexticu- 
lar product iindar_considetBtion_i!^ Dpnald_D._Glovi^ Sal- 
ine. |(?d^L_/V HafponsG to j)jjyan(:lng_ Technologies D.C: 
American S<>ciely for Engineering Education, 1982), p. 7. 



operators" who are drafting andjn the 

operation of computer-aided design systems:* 

Approximately two-thirds of the participants in 
the Cbbrdiriated Fuhdihg Project receive **wbrk 
site tr^aimng'' at JPL~hand^s-on work 
on the Computervision terminais that both com- 
plements their classroom instruction at Glendale 
Community College arid assists JPL engineers iri 
the detailing and documentation of their designs. 
JPL has hired five trainees from the first cycle of 
the program arid riiay hire some frbrii the secbhd 
phase^ 

Singer ibibrascope. — The remaining third of the 
briginal 12 Coordinated Funding Project partici- 
parits received worksite trairiirig at Siriger Libra- 
scope, a division of the Singer^Co. engaged in the 
production oLmilitary equipment. 

LikX JPL, Siriger Librascbpe required trained 
??^PL^J^*^^ision Ibpkeid on the Cdor; 

dinated Funding Project as a means of acquiring 
employees trained to company specifications. 
While all bf the trainees received the sariie class- 
room instruction at GCC, their worksite training 
at Singer Librascope and JPL differed. Those who 
completed their labbratbry training at Singer Li- 
brascbpe were trairied to work on printed dixuit 
board (PCB) designs, while the JPL trainees 
worked on mecJianical designs.** 

Cbriiyputeryisiori.— Co many 
years the largest producer of turnkey CAD/CAM 
systems— participated in the Coordinated Funding 
Project by prbvidirig free trairiirig for the GCC 
drafting instructor injts Los Angles training cen- 
ter.*** The classroom instruction provided to the 
trainees was ah adaptatibri bf fbur bf Cbri:iputer- 
yisibri 's yistbirier trainmg cqurses^^ Computervi- 
sion also assisted by providing reduced-price train- 
ing dbcumentatibn._ " 

Glendale Private Industry Council a he the City 
of Glendale.— The Glendale Private Industry 
eounc- MPlCj was formed in 1979 under Title VI I 
ol the Cbriipreherisiye Emplbyriierit arid Trairiirig 
Ac t^Ti tie VII , the Private Sector Ini tiji t|ve Pro- 
gram, was aimed at giving business and industry 



* Previous tathe installatibn of the Corhputervinibn terminals, the sec- 
tion contracted drafting work-to independent draf terser dralting firms. 
It is anticipated that the CAD systbms and the new CAD/CAM opera- 
tora^l ftvetitually- replace the riebd for contract df afters. 

••The atudfihtH therasejves were given a choice of 4iidustry site bri 
the-basis of their iiitereitt in either mocHahlcal or PCB design' 

''••Computervision alao supplied free training Co two High ischodl 
teachora, who became CAD instructors in a High school training prch 
gram developed -at approximately the same time as the Coordinated 
Funding Project's CAD/CAM operator program: 
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a major role in designing and impremehtihg erh- 
pioyment and training programs tailored to local 
private-sector needs.* Although the authority of 
business and industry representatives on a num- 
ber of PlCs across the country has sbmetimt-' en 
limited by the control of the local elected ofih r-^jS 
(designated as CETA Prime Sponsors) over Pi v 
activities, the Glendaie PIC has effected a viable 
working relationship between local jgovernment, 
education, and industry representatives. 

In order to describe the role splayed, by PIC in 
the Coordinated Funding CAD/CAM Operator 
Program, it is first necessary to provide a few 
paragraphs of background materizd on PIC itself 
arid its relationship with its Prime Sponsor, the 
City of 6lendale. PIC's board is primarily cq^^^ 
posed of business arid iridustry representatives but 
£ils6 has representation from local government^aiid 
community groups, including the Glendaie Unified 
School District, the Employriient Development 
Department, and the Department of ^ojcial Serv- 
ices. Iri 1981, PIC merged with the CETA Advi- 
sory CounciUwhich was under the jurisdictiqnjif 
the City of Glendaie, iri its role as CETA Prime 
Sponsor). ^ 

The merger occurred aLa time when a riuriiber 
of other PlCs ahd Prime Spbrisbrs iri other loc^- 
ties were also cbnsblidating councils; in some loca- 
tibris, the mergers were seen by one or the bther 
of the groups as take-over bids" arid were accom- 
panied by vituperatibri bri both sides In Glendaie 
and in sbme other locations, the consolidation of 
councils was seen as a reinforcement of ari already 
effective cooperative relatibriship. According to 
the present PIC director, PIC and the city have 
yet to disagree on matters of program or pblicy, 
largely because there is general agreerrient that 
PIC should act as the pblicymakii^^ while the 
city acts as the administrative body. 

Another factor that enhances PIC's ability to 
function in a coordinated nrianrier is that it has 
eliminated duplication of services by designating 
specific types of training deUvery to specific 
groups in the Gleiidale area. Gleridale Communi- 
ty College, fbr example, provides ciassroora_in- 
structibri arid^kiUs training under contract to PIC; 
another designated contractor is respbrisible for 
work experience fbr ybuth, for example, and yet 
another takes responsibility for in-school youth 

•The sm-ceHMor to CHTA. the Jobs trainings Partnership Act. retaina 
the pHvatt-inciufiirv councils created under CETA and expands their 
rOHponHiblliiy and authority. In order to bec^rtifiedunder tho^newjactt- 
which rj«q"ire«_a service delivery area with populaUoJi of 200.000 or 
moru-the Glendaie PIC consolidated its council with the nearby Hur- 
bank PIC in 



programs: PIC board rnernbers arid staff beU^^ 
that these measures have helped it to beconie the 
top-ranked council in terms of job placement in the 
DOL region covering Califbrriia, Nevada, arid 

Arizona. _ 

PIC played two roles in the CAD/CAM Opera- 
tbrs Program^ Its formS role was to provide ad- 
ministrative services fbr the progTarii,Jricluding 
contract compliance, recordkeeping, jiarticipant 
tracking arid reporting, operational monitoring, 
arid technical assistance. These services were for- 
mally sabcontracted by Gleridale Community Col- 
lege to the City bf Gleridale, which, as the admin- 
istrative arm of the consolidated cpiincil, perforriis 
similar services for PrC-operated prbgrams. 

The other role played b^PIC was informal but 
cnicial tb every aspect of the program from con- 
ception to delivery. The Glendaie PIC defines its 
responsibilities in a broader context than the ac- 
tual bperatibri bf training programs for economi- 
cally disadvantaged participants. According tb 
both the Pie director and the chsdrman, PIC must 
have a sense of— arid be active in— the communi- 
ty as a whble in order to be effective in its formal 
function of delivering private-sectbr trairiirij; pro- 
grams for the cbmmuriity's disadvantage 
dents. The bbafd arid staff members, therefore, 
perceive their function to be? that of facilitators, 
or brokers, who can act tb bririg together repre- 
sentatives frbm busiriess, e^ication, and govern- 
ment tb create the kind of ^working partnership 
they believe is the Intent of CETA, Title VII, and 
its^ successor, the Jbb Trmnirig Partnershirx Act, 
It was iri its fqle as a facilitator that PIC had 
its greatest impact on the CAD/CAM Operator 
Training Program. The prbpbsal that won the 
Coordinated Furidirig Project contract for Gleri- 
dale Cbriimunity College was conceived by the PIC 
director and was an adaptatibri bf a cbmputer- 
aided design prbgram fbr hijh school students pro- 
posed b^TtTfe PIC chairman, who is also the man- 
ager of JPL's Designed Mechanical Support Sec- 
tion and a member bf the* school program, which 



- •-because the Glendaie Coordinated Funding Project^^ not- a 
IMC-^porisbred pj-Ogram. the qutsstion of_c^^ 

in relation 16 .IPI/s role^ConfUct oi interest is, howcyen n debated issue 
in the hew Jobs TrJiininK PartnershipAct,^ to a report re- 

leased by the Natjoiial Governors* Association, "at least 15 state? plaCe 
totalhans on designated officials from conducting busineas^either with 
the State or local municipalities, or other governmental entities ol which 
they are members." Some private-industry councU members in some 
locaUtiea ore. therefore. j)rohibitcd from aUowing PIC frmnTng programs 
to be operated in or for their places of business. A nuinher of^P"Vftte 
industry councils, on the other hand, operate bri the principle that PIC 
board members con have the most impact by bpening up tKeir own 
burlinesses or industries to PIC prbgrams. thereby providing. training 
and employment opportunities to eHgible parCiciparits and. et Lhp sonie 
time illustrating by cjxamiple thiit such programs can be effective for 
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was designed tD familiarize high school students 
with CAD/CAM techhbldgy arid to encourage 
therii to continue their education in computer- 
aided technologies; 

The college program, on the other harid^ was cori^ 
ceptualized as a riiearis of serving the participating 
students and companies alike by training the stur 
dents to fill inixnedlate employment needs at JPL 
arid Singer. Both prbgrairis were designed to sery^ 
their respective educational institutions by up- 
grading teachers, introducing new technological 
curricula, and providing courses that would even- 
tually be incorporated jnto the ongoing curricula 
of both the college and the high school. 

The eAD/CAM program, then, resulted frbrii 
the synergistic relationship between PIC,^^t^^ col- 
lege, arid industries like the Jet Propulsion Lab- 
moratory. It derivea_aL50 from the leadership of in- 
dividuaJs like the JPL sectipri riieuiager^ whose 
tivities in other arerias (as PJC chair and as School 
Board member) provided him with both the broad- 
based perspe^!tive and the position to effect the 
coordination called for iri the State's Coordinated 
Furidirig Proposal. 

eAD/GAM Operator Training Prdgram 

Goals arid Objectives.— Overall goalp of the 
CAD/eAM.Qperators' Prograrn are: U to develop 
a training program in CAD/CAM which could be 
incorporated into the cqnununity college system 
in Giendale, and whith could be replicated at other 
community colleges, and 2) tc tram 24 participarits 
to be CAD/CAM operators. Apart from those over- 
all goals (which are primarily those of the college). 
Pie, JPL. and Singer Librascbpe each had addi- 
tional bbjectives for their project participation. 

Private Industry Council representatives viewed 
the Coordinated Funding Project a$ an bppbrturii- 
ty to strengthen the bond betwieeri the college and 
Ibcal iridustries by demonstrating that the two en- 
tities could work together in a project that could 

oniployers; In the NCI A report cit/Kl abovo— which specifically addresises 
tht quoHtiOh of Ooriniet-of*intere^*t in regard to ihc new Job-Training 
Partnership Act— tho Georgia Eniploynient. and. JVammg Council 
-specif icndy recoiTimends that '\FedcrQi re^atioiw concerning? rnnflic^^^^^ 
of'interesLwhichare pxi?9en^tly bdng.dr_afted_excj7ipt_PIC members from 
prPhLbi'tions «Kamst con Jucting_busj_neea in t^^ any other serv: 

ice dcJiv ery area w h ere : 1 1 sue h m o ml»r n o t i f i es i n wr i ting hi s ^o te n - 
t iaI_i-*<? nnit t of inte re_8 1 to t he co u nci j or ud mi ni s t rati ye e n ti ty ; 2 ) sue h 
n v"i*_>_n jx.' r f r u i n_H f ro ni y o t i ng or in a ny way p art i ci pati n gin the d ec i - 
«i'>n t " vv tir d CO n tracts; and 3 ) the cou n dl or ad mi ni strati ve entity 
niakes « « a p a r_t P f its record t he re a son s f o r aw ardi ng _th e co n t r ac t to 
one o f i ts PjC mem hers and why the award is in the public 's best i n te r- 
e.st." "implementing the Job Training Partnership Act. Technicai Brief: 
Conflict of Int<jroHt/' National Governors' Association. Deccml>er 1982. 
Issue paper prcflonted for response. 



benefit each while also helping the community by 
training and employing local residents, in partic- 
ular, Pie hoped to showcase the college as a re- 
source for local industries which could, by assum- 
ing^ induistrial training responsibilities, help the 
companies save on training expenses. PIG also saw 
its pjirticipatMp in the project as a way to partake 
in ah effort tobuild the conynumty's capac to 
engage in high-technology training which— in the 
opinion of key staff and board mernbers--"rnay not 
be appropriate for the majority of CETA-eligible 
' residents without the necessary background 
skills.* By helping the conuntinity to establish a 
high-tech training capacity, PIC hoped to establish 
a training resource which coi^ eventually be used 
by economicaliy disadvantaged participants whom 
PIC would first provide with prerequisite skills 
such as drafting. 

Although Jet Propulsion Laboratory and Singer 
Libraacope Jiad a major objective In common—- 
that of bbtaihihg employees specificEilly trained to 
their work requirements- their secondary objec- 
tives differed. Gne basic difference was that Singer 
required students trained as detailers— i.e., CAD/ 
CAM operators who do detail work on designs 
created by others— whereas JPt wanted trainees 
who would do some basic design work and even- 
tually become fuU-fledged desigiiers. 

Consejiuently, JPL informed all otttie.students 
who completed their worksite training at the lab- 
oratory that those who would be hired would be 
expected to continue their education (at company 
expense)- at a 4-year college. A further objective 
held by JPL was to biuld the college's capabilities 
so that the lab could draw^on it as training re- 
source in the future: Gomputervision's object in 
participating iri the project was to support its cus- 
tomers— JPL arid Singer Liibrascope-^^ 
in the instruction of their future emplfiyees, and 
to assist the college by heljping it to develop the 
capability to create ari brigdirij; cbmputer-mded d 
sign cj)urse utilizing Computervision equipment. 

Planning and J)evelopmeni-— The State-level 
planriirig for the Cobrdiriated Furidirig Project arid 
iriuch of the local-leviBl plann for the Giendale 
program have been outlined in section I of this 
study. This section will, therefore, discuss the prp- 
grarii develc^meiit efforts that took pjace after the 
selection of Giendale as a contract recipient. 



* Because the CETA |unda us«i^ the Coordinated Funding jVo^ 
were discretionary linkages funds earmarked for project administrative 
expenses, the project operators were not bound to meet CETA sbloc' 
tion criteria, although they wore urged to include as many CETA-eligi- 
hje participants as possible. 
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Previous to the writing of the proposed, both 
JPL and Singer Librascope had made commit- 
ments to participate in the program. Once the pro^ 
pbsal was accepted, PIC cbritacted Cdmputervi- 
sibh arid secured its conimitment to provide train- 
ing for the Giendaie instructor. The school's engi- 
neering dr^ting instructor, who also works part- 
time at JPL as a senior engineer, wa^ chpseii as 
the CAD/CAM program instructor arid was given 
the responsibility of designing the curriculum. 

To prepare for his curriculurri-writmg and 
structibrial duties, the instructor atte.adad a sum- 
mer-long upgrading program. HeJbegan his train- 
ing by completing a week-long Cbmputervisibri 
self-study cburse at JPL, fbllbwed by a week of on- 
the-job training in JPL's GAD/eAM operations. 
During the foHpwing.9 weeks, he attended 100 
hours of training at Cbmputervdsibri's L 
training center, completing customer courses in 
mechanical design and electromechanical design. 
The week-]ong courses at Cbmputervisibri were 
supplemeriteJ by bri-the-job trainin^jit both Sing- 
er Librascope and JPL. At the completion of his 
training, the instructor designed the classrborii 
training curriculu»r» for the prbgteuri, aided by ad- 
vice fro rii JPL ' Si. -^r employees. 

Because the tcc£cv; . v^^iud Le receiving class- 
room instriiciior^. at ^h^ .-ollege and labbratbry 
training at bno bi the participating^ firms, much of 
the progre^m development effort included setting 
up formal mechanisms for coordinating between 
JPL, Singer Librascc^e, FlC, arid the schoo^^^^ TTiat 
cbbrdinatibh involved logistics planning. Disciis- 
sipns between the college and the tv/b cbmpaiiies 
resulted in a plan whereby students wbuld attend 
3-hbur lectures at the college two mornings a week 
and laboratory training two late afterhobris or 
evenings a week (to avbid students cbriipeting with 
eihplbyees fbr wbrkstati^qnsK 

Adininistrative and instructional Staff.— As the 
primary program operator, Glendale Cbrilriiuriity 
College had fiscad respbrisibilily for t^^ 
was also responsible for delivering classroom and 
laboratory training and for appointing a prbgram 
counselor to act as liaisbri between the students, 
the cbllege, and the participating companies. The 
college's director of special projects for vocational 
education served as the bverall p.bgtarii admiriis- 
tratbr. AH minis trative services were subcon- 



tracted to the eity of Glendale/Private Industry 
Gbuncil. while the cbllege retained the activities 
bf recruitrilerit, screeriiri^ and s^^^^ 
ing, and placement. The coHege's. en^eering 
drafting instructor was respbnsible fbr deliveririg 
the classrbbrii iristructibri, bverseeirig the labora- 
tbry iristnictibri at JPL, and coordinating with the 
tv/o companies. 

_ The instructor, a past graduate bf Gleridale 
Cbriirriuriity Cbllege, has a bachelor's degree in in- 
dustrial design from California State University 
at Los Angeles^ a master's degree in iridustri^ 
design frbm Califbrriia State ymv^ersity at San 
Jbse, arid a vocational education teaching creden- 
tial from the University of California at Berkeley. 
His_ previous industnfiQ experience iridudes w^ 
at Cbluriibia Brbadcasting Corp. as a designer, at 
General Electric's Nuclear Engineering Division i 
as a packaging engineer, and at IBM as a seriibr 
design engineer. 

FadUties and Equipment.— Classroom instruc- 
tion was delivered ^t Glendale Cornmunity Cbl- 
lege, which has a fully equipped traditibriaMraft- 
irig classrbbrii, but n^ computer-aided design sta- 
tions. Eight of the initial class of 12 students at- 
tended the iaboratbry portibn bf their trairiin^ at 
JPL, which has four ComJJUteryision ter 
dedicated to training pug)ose3. The rema^ting stu- 
dents had their laboratory ihstructibn at Siriger 
Libra: tcbpe, which has four Cbmputeryisi on term- 
inals in its engineering department for use by pro- 
gram trainees , and Singer employees alike. 

Program Funding.— Gleridsd^^^ Cbrririiunity Col- 
lege received $84,271 from the Coordinated Fund- 
ing Project ($3,243 from CETA; $19,533 from 
eWETA; and $61,495 from VE A). The GET A 
funds arid apprbxiriiately hal^^ 
furids were subcontracted to the City of Glendale 
to cover administrative services, and the rerilairi- 
der of the CWETA furids paid for ajpbrtion of the 
iristnictbr's retrainingj4 v;'eeks of on-the-job train- 
ing at JPL and 4 weeks at Singer Librascope). The 
VE A funds were devbted primarily tb cbveririg the 
direc t cos t s bf the training for tlie 24 Participant s. 
In^ddition to the State funding, the participating 
firms provided the following in-kind cbntributibris: 
100 hours of cbriiputer-mded deji^Jirai^ 
the glendale instructor (Computervision) and 
equipment-use-and-mainteriahce costs fbr the 
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CAD/CAM terminals valued at $97,200 (JEL and 
Singer Librascopej. iSlendale Community College 
contributed space and utilities totaling $3,800. 

Recruitment and Selection/Participant jProfile. 
^In May 1982, the college sent flyers announcing 
the CAD/CAM program to 2- and 4-year colleges 
and Employment Development Department in the 
Lbs Angeles County s^ea. AppUcants we^^^ 
quired to be U.S. citizens; be 18 years old^or over; 
have a high school diploma or general equivalency 
diplbma; be able to pass a security clear jgaice; a^^ 
have completed the following college-level courses: 

• one semester of basic mechanical drafting; 

• one semester of advanced mechanical draft- 

iiig; 

• one semester of descriptive geometry; and 

• or equivalent work experience. 
Recommended but not required were the following: 

• one semester of electronic drafting; 

• one semeister of machine design; 

• one semester of basic electronics or machine 
shop: 

• prior work experience in the above areas; and 

• or equivalent work experience. 

Af ter making formal application for the jprogram 
at the Glehdale CETA qffice, the candidate^ took 
a written examination at the college on June 12. 
The applications contained questibhnaires request- 
ing informatibn bii the apijUcarit's long- and short- 
terrn goals, attit ude, a nd motivation, the formal 
examination contained practical drafting problems 
requiring a knowledge of tblerEmce/dimensioning 
scaling, clearances, interferences, and electrical 
schernatics. From the initial group of over 50 can- 
didates. thecoUege representatives selected 18 on 
the basis of bbth test scores and indications of 
practicality, willingness to do detailed work fbr 
long stretches of time, and mbtivatibn shown on 
the application questionnaires. Once the college 
made the initial selection, representatives from 
J PL and Singer interviewed the students arid 
made the final selectibn. 

The majbrity of the 12 students selected as pro- 
gram participants for the first session, which be- 
gan September 13, had previbus riiachirie shop or 
drafting experience. Oyer half had 2-year drafting 
certificatibs, and five of those students also had 2- 
year certificates in electronics or thachiriirig. The 
average age bf the grbup was 23. Two participants 
were female; one was Hispanic; four had incomes 
below the poverty level; one was a displaced hbme- 
makeri and four were veterans. 

Similar selection and recruitmer tos 
were followed for the second group i- 
pants,^who began the cbursewor: uy 
1983. The second group was approy i i^er- 



cent female and included fbUr Hispanics and three 
Orientals./ ^ __ _ _ — 

Classroom instruction aiLd Laboratory Train- 
|ng._The students received 12 weeks of formal in- 
structibn (6 hours ^_week of classroom instruction 
arid 6 hours of Computervision C ADDS 3 terminal 
training per week). Because no terminals weriB 
available in the cbllege classrqqrii^ tjie classroom 
iristructibn was stHctly devoted to theory, which 
was then applied in practice injthe_compaJiy_labi__ 
oratories. The GCC ihstructbr was responsible for 
classrbbm iristructibn and for nipnitoring theJab- 
bratqry sessions at both JPL and Singer Libra- 
scope, instructional materials cbrisisted bf fbUr 
Computeryisibri trsunirig dbcuments~C ADDS 3 
Pocket Reference, CADDS 3 MechanicaL Basic 
Guide; CADDS 3 Mechanical Design Workbbbk, 
and the CADDS 3 Printed Circuit/Electrical Sche- 
matic Basic Guide*— arid Computervisioix's self- 
study audio/print learning package, *MntroducJon 
to CADDS 3 Operatiori," which teaches the basic 
concepts and cbriiriiarids rieeded to use CADDS 3 
api)licatioris_software. 

Curriculum.— The curriculum was designed to 
include the ihtrbductbry ririaterial covered in the 
self-study package_ plus three Computervi«ion 
CADDS 3 customer courses: IJ Basic Mechahical\ 
Desigtu 2) Adv& ■ '*ed Me chariical Design, and 3) 
Basic Printed Cir ;31ectrical Sc 
The first week of c' .^s was devoted to an overview 
of CAD/CAM technology, during which the in-^ 
structbr lectured bri CAD/CAM system hardware 
arid sbftware. turnkey CAD/CAM systems, com- 
puter-generated visualizations, cbiriputer-aided 
design and cbmputer-aided rriariufacturing proc- 
esses arid applications^ and the integration of 
CAD/CAM into industrial processes. 

During the second week, students jvere iritrq- 
duced tb the basic techniques for us^ 
3 software, concentrating on terminology, Ibg bh/ 
off procedures for entering arid lea\drig the systeni, 
and basic cbriiriiarid language. The lecture portions 
bf the second week of study covered the format 
of commandianguage syntax— made up "of verb + 
noun + modifier strings which the J5perator 
tb execute a coriimand by inputting a function 
(verb), such as *insert,^' plus a geometric entity 
inounj, like **line," plus a mbdifier which describes 
the gebmetry, sUch as **paraller' or **perpendicu— 
lar." 



•CADDS is Computervjaion J} '^(>)mputcr^^ ]^L^tti^^J^^P94sn .^ 
Systam.'^StudDjits w^tre.reqiiiredt^ ^rid 
the m(*hanicaJde&ign workbook with the two 

bfl sic guides. (Co mj^uUBryision, which norm^ sells .^1*^ basic guides 
for 575 tfMch. provided them to the college For $30 each.) 
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'V\u* students also learned how to u.se the sys- 
t^'i-n's online dbcunientatibh feature, which aids the 
operator hy prbinpLing hifv r her with infdi^ma- 
tion on, tor exaitipie, what ' nouns" (Bne, circle, arc, 
fillet}.^:*) with specif'c "wrbs" (insert, delete, or 
fbihhihe, for ihstahce) and wHiit iribdifiers can be 
used with particular verl)/n()un combinations. Dur- 
ing thn laboratory sessions, the students com- 
plt^ted portions of the Computervisibh audio cas- 
.\olte/workbbdk course under the instructor's su- 
pervision: 

Following the ba.tic operations segrnent, the stu- 
dents spent 2 weeks {2A hours) learhihg to use the 
system for basic mechanical design. This segment 
inr!u(ie<i the fundamentals of part creation (i.e.» 
how to use the system to create lines, circles, arcs, 
and fill(its) cirid part filing (how to file^a drawing 
of a part in the system); how to erase, modify, and 
manipulate elements; and basic projections (how 
to reproduce objects on planes or curved surfaces 
by projec ting their points to create 3-D objects): 

During the following 2 weeks, the students 
learned how to insert dimehsibhs in mechanical 
drawings (including Imear^ ^^S^X^L* radial, an^ 
diameter dimensions, dual dimensions, and exten- 
sion lines and arrows): hbw to use construction 
aiiis. such jis grids and layers; hbw tb size and scale 
(Kirt drawings; dooming'* (focusing in on asmaii 
sf^ciinti of the drawing on the screen or widening 
the focus to include the full drawing): and hbw tb 
insert te.xtual notes and syrnbols to accompany 
their drawings: The laboratory work during this 
segTiK^nt consisted of working thrbugh spiecified 
stHtiop.s of the C ADDS 3 Mcirhairwiii Design 
V''()rkf)(yiik an(i completing individual projects in- 
vol v ng the creatioi; of 2-D and 3-D parts., 

rht! hoxt 3 weeks (weeks 7-9 of the cburse) were 
devoted to -jHnted circuit/electrical schematic (PC/ 
KS) Mppiications. The first lecture in this segment 
cr)v< red the differences between mechanic 1 arid 
PC* KS applications arid opera (.ions. The students 
th<'n l(*ar!ie(^ to create electronic symbols (called 
"nodal infv.-rmatiou" in Computervisibn termihbl- 
ogyi and to digitize* arid ariribtate electrical scne- 
inarics. which the cofnpucer then converts into a 
•/net hst. ' i.e.. a list of all the start- and end-pbirits 
for ..pecific wire paths on the board. By ths eighth 

t'k. the stiiderits were creating PC component 

t/^-rs iirc iiiHlniint'hf rd ^virfari's <»n which the locution <>l .1 
\'uu- ■•*:u-*i wit li ;ih iissjH-riiiMl l urj^nr unit, is jiutoniHticallxconvorUKl 
int:- i .-.i^l. \ iiiiU A- !««-)rilinHt<' iliita suit.Hl)I(' for trunsrni.saion to_« cpm- 
juitiT I ij'iikt v ( " xnC'^M (N>mputt'r(irhphics. A Syryoy nn(l_Buy_*>r> 
< M i ; ( i t* i i p i 1* 2 1 I n !. h « • P( ' K S o pi' r » t. i O.n tl.t'S c r 1 h wl a bo \: c; , " d i ifi t izi n ^ ' ' 
ni*'ahN !». -Nr .1 <(ylus to Ux aK- p<)int.s y/hich will fvcnLuallv be conmictod 
b\ wir«- oti th«' fminhtKl circuit b(»ar(i. 



diagrairis, digitizing siririple PC !:iodrds, arid thrri 
iisirig the systeril to nierge the printed circuit 
boards and to antomaticaliy roate the. result.* 
They then learned to edit their PC boards** arid 
to record the parts arid cbrilp liter files (i.e., tb store 
both the PCB drawing and the schematic and net 
list information in the computer). A.s in the ine- 
chariical segmerit, the studerits were required to 
cbrilpiete iridividual projects using the terminals 
in the laboratories: 

During the next 2 weeks, the studerits worked 
bri specific electrb-rriechanical design probloriis 
dealing with the design and packaging of printed 
circuit boards. The last week of the course was 
devbted to review arid tb the firial exarriiriatibri. 

Instructional Methods.— When he developed the 
curriculum, the instructor was faced with a prob- 
lem intrinsic to the structure of the prbgrarri: hbw 
tb riibdify the Cbriiputervisibri cbUrses, which were 
designed for students with 4-hour-a-day access to 
terminals, to be taught in the Glendale format (6 
hburs a week bf classrbbrii iristructibri; 6 hours a 
week of laboratory jpractice). A number of his 
teaching methods we're tbereiore dictated by the 
peculiarities bf the situatibri. A pbrtibri bf the 
classrbbrii tirile was ci>ypted to lecture on, and 
class discussion of; the theory behind the labora- 
tory work to be done in the foUbwirig lab session. 
Because bf the lack bf equijprilent, the iristruc^qr 
used the chalkboard to demonstrate the basic prin- 
ciples, and the students completed peii-and-paper 
exercises sirriulatirig the terriiirial exercises they 
would perform i^n the laboratories: 

The remainder of the classroom time was spent 
in group discussions bf iridividual problerris eri- 
cburitered iri the laboratbries. (Although a n 
of the students were reticent about discussing 
those problems in a grbup situation, all were re- 
quired tb db sb iri order tb provide them with e>^^ 
perionre in comitiunicating problems to co-workers 
and attempting to solve them in a group situation.) 
The instructor's bbject iri this was tb siriiulate the 
industrial environment to the greatest extent pos- 



_ _*Tb'^*^inerji^o" process toils the .system that all of the components 
that exist on th<' '">ard .must bt? hooktHi up. baa^^^^ .^.^ 
that the inforrna; : ii on the net list is actually merged int' the printed 
circuit board design. In the "routing" process, the system automatrcally 
Incji'-atos to the operator the lines that physically connect the di^ii/Ayd 

poir.-. 

. i^f - n,- t,r .M I -. J j ) lu'i.'easary because t .e system cannot always 
i I i vcry board. For example, if the system cahhbt geL 
fr(jn. ixtim A Lo point B without intersecting another point arid so 
grounding'out the wires, the human operator must drill a hole iri the 
board, run the wire along the bbttbm side, arid drili back up Co the cbrii- 
ponent side so that he can cbritiriue to run Ihe wire on ah uhob.stnlcttKl 
path. 
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sible. Students were expected to produce pro fes- 
.sidrial-level w^^ork; were expected to me^^ strict 
deadlines for their twice-weekly lab work and far 
the projects required at the end of each section; 
arid were trained to solve the sort of practical prob- 
lems Llie\' vould face on the job. 

Student s worked two-to-a-terminai in thelahor- 
atbry sessions, using the "partner system" that 
CompUtervisibn trainers use in their custbrrier 
classes: Each student would work on the terminal 
for approximately 15 minutes at a time, while his 
br her partner wbuld mbriitor pperatibri to 
make sure it was being^one c jtly and would 
provide assistance when necessary: This system, 
according^^ lb Computer vision, allows each partner 
to both observe arid perfbrrri specific bperatibris 
and therefore reinforces the learning process. Be- 
cause JPL had four terminals located in a dedi- 
cated training lab arid because the laboratory bper- 
uLes on a flexible scheduje, the students who did 
their laboratory work at JPfc had 4 to 6 extra 
hours a week of terininal time. According to the 
iristructbf, the studerits were aU sb highly rribti- 
vated that they had to be forcibly ejected from the 
laboratory at 11:00 p.m: 

Iri addition to the classroom and labbratbry 
work, the instructor arranged for two field trips- 
one to the Computervision Training Center in Los 
Anjt^eles, and one to Weber Aicraxt to observe the 
IBM/CADAM systerri iri a prbductibri erivirbri- 
ment. 

Examinations and College Credit.— Students 
were giveri an examination at the end bf each ma- 
jq^r course segnient (basic bj^eratibris, rilechanical 
application, and electrical applications) and took 
a 3-part final examination covering mechanical de- 
sigji, electrical design All but 

one of the students passed the final tesc and re- 
ceived three units of collegf3 i- edit for the course.* 

Student Evaluations. —i' writteri evaluations 
completed at the end of the classroom/lab p^qrtibri 
of the program, the trainees gave both the instrac- 
tbr and the course high marks. Most, however, 
sLaLed that the course would be irriprbved by riibre 
terminal time and more time spent on printed cir- 
cuit board design. (See ''Results'' section for more 
recerit evaluatibris bf the course by session 1 train- 
ees now working at JPL and Singer IJbrascbp^ 

Worksite Training.— 0nce they completed the 
classrbbm/labbratbry portion bf the program, the 

*Tht' ,')np .HLudeni, who did nbi pass the final exam whb the only .stu- 
dent who cnrritxJ « full-limt? job while participating In the prn^^arn. The 
cornbinuLion of fuIMirne work and pro-am pRrlicipuUbn proved to be 
rnoro [han he could nccbnirriodate. ^ 
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l l remaining students began worksite training at 
JPL arid Singer Librascbpe. This portion of the 
training consisted of 200 hours of wbrk, which in 
the case of the eight trainees, was dividi^ into 10, 
20-hbur weeks. Because Singer Librascope was 
arixibus tb place its trairiees bri the perriiarierit pay- 
roll as soon as possible, the 200 hears of trairiirig' 
for the three .Singer participants was condensed 
iritb 7 weeks. Trainees in both locations worked on 
actual production designs arid were paid salaries 
of $5 per hour by the firms. (Customers were in- 
formed that the design .or detail work was being 
per^brrried by studerit trairiees, arid the savirigs— 
in terms of lower-than-average salaries paid dur- 
ing the training period— were passed on to the cus- 
tomers iri form bf decreased design-room costs.) 
_ _T^® Smger Libra^^ trairiees sperit the work- 
site training portion of the program priniarily do- 
ing detailer work on printed circniLboard (jpeBj 
desigris. This iricluded digitizirig PCB drawirigs tb 
input the design int^ t^e computer^ editing ex- 
isting designs, creating detailed drawings from an 
existirig database, arid creatirig photo tools. The 
studerits who cbrripleted their worksite traiiiirig at 
JPL were given some design responsibilities as 
well as detail work. Their specific task was to work 
bri rriechariical desigi .s for suppbrt equlprrierit arid, 
peripheral structures, such as inspection plat- 
forms, for the Galileo spacecraft: 

Giveri a basic design created by a' JPL erigirieer, 
it v/as the trainees Mob to complete the desigiv, 
making sure that it met both the design aiicl man- 
ufacturing standards (part tolerance and materi- 
al selectibri, fbr exariiple) specified by the design 
engineer: In many instances, completing* thej^n- 
gineer s design required the trainee to design a 
part or structure fbririirig a pcrtJori of the tbt?il de- 
sign. The design work donejDy the t^ 
ly monitored during the worksite training period, 
is a significant aspect bf the duties of those train- 
ees who becariie perrriarierit erriplbyiBes. 

Related Services: Counseling, Piacenie*;t, and 
Follow-up.— Counseling, placenient,^ and follow- up 
services were fbrrrially assigned tb^the college. I'he 
college's specjal projects department has ajull^ 
tinie counseling staff, one of whara was assigned 
part-time to the Coordinated Furidirig partici- 
pants. In effect, howeyer, rriost counseling was iri- 
formal and was prov ided by the instructor and the 
Singer and JPublic Law employees who oversaw 
the students at the laboratory sites. Althbugh 
pl?.cemf:nt services were officially the responsibili- 
ty of the college, P C representatives aided GCG 
iri placirig those prograrri gradurtes who were not 
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hired by either of the participating firms, FoUow- 
up procedures, planned for 30-. GO-, and 90-day in- 
tervuls after program cbmpletibri. were conducted 
by the college. 

Results 

Placenienit.--Seven of the 11 trainees who cqm- 
pieted both the classroom instruction and worksite 
training portions of the program were hired by 
either J PL or Singer Librascope. JPL's^tate'd m- 
tention at the beginning of the^prd^am was to 
train eight participants in its lab and to hire the 
four who were best qualified. the laboratory ex- 
ceeded itK'Ofi^nai intention by hiring five trainees 
at^Hte'completion of the worksite training in Feb^ 
ruary 1983. The new JPL CAD/CAM operators re- 
ceived entry-level salaries of $6 to $7.50 per hour. 
Two of the JPL trainees were placed in other firms 
in design and draftiiig jobs wh do not. however, 
involve CAD/CAM operatioTJ , u- 

Singer Librascope had orif intended to hire 
all three of the students wb dl' • 3 at the firm 
Qne of them, however, ied}ei. co pas: lihe security 
clearance required for all ^linger Librasco. ^ ;^m- ^ 
ployees. That trainee has since been hired bv .^^^^ 
dale Community College in a nontraining-i elated 
capgiclty. The other two were hirf^d by Smger in 
January 1983, at starting saJaries of $6.25 to $7.25 

an_hour. v . 

Singer hopes 'to hire four trainees fro n the sec- 
ond session of the program, which at this writing 
has iiot yet entered the worksite training stage^ 
Whether or not JPL will be able to Aire any of the 
secbhd^session trainees wiP depend on thr^labora- 
toiy 's need and IxindLng situation at the end of the 

svinu;ier. , . 

T Investment in Parole Project.- v.?ne ot the 
rr mlts of the CAD/CAM operator program was 
. -Keved well before tiie fii'st gr_o^\- of participar.^s 
completed their classroom bstruc. 'on. In October 
1982, the State Community CoUege C. \nc^^^^ 
Office and the EDD aiihbUhced that additional 
funds for ihhdv&tive coUege programs would be 
available imder the Governor's Investment m Peo- 
ple ijiitiative. Glendale Cbrnmunit^ College, again 
with the heip PIC ;iind_the City of GleAdale, sub- 
micted a proposal to expand the CAD/CAM ojper- 
atot s' program to adapt it to a wider ran?:e of ap- 
nlications (including ar^^hitectural, piping and 
structural design); to recruit additional appbcants 
and involve more local industry; and j.o_ provide 
further training for instructors from GCC to help 
thf college exp^nH its already developed CAD cur- 
riculum.' 



' In December 1982, the cdUege was awarded J^ ;i- 
vestment in People funding totaling $55,885 to 
provide 10 weeks of combined classroom instruc- 
tioh at GCC and onsite laboratdr v work at the 
Electro Optic System?^ Division of rs-rox C^^^ 
and Jacobd Engineering (an architccti;r:i] ^ind civil 

engineering f?rr!). , _ -.- 

Unlike the Coordinated Funding Project partic- 
ipants, 32 of the 40 inyestment in People partici- 
pants were company employees requiring upgrade 
training in computer-aided a: ri.fn. Because the 
Xerox Electro Optical Systeii-:^ r nployees were to 
be trained for aerospace applications, a conibined 
class serving the second-sessibh Cbbrdihated 
Funding participants and the Xerox Investment 
in People participants was planned for the. winter- 
spring semester of 1983. The Jacobs employees, 
who were to be trained in architectural apphca- 
tions, attended a separate course, caught by an em- 
ployee of Jacobs certified by Glendale College. AU 
of the industry employees received laboratory 
training at their respective cqixipanies. The eight 
trainees vs^hb were hot company employees joined 
the Cbordinated Funding participai-Ls a^: Singer 

and JPL. , . ^ , 

Benefits. Aside frbm the obvious iieiietits to 
the trainee., the CAD'CAM Operator Training 
Program produced beneficicJ results for the spon- 
soring companies, agencies, ahjd institutions. Jioth 
emplbyers ^bt CAD/CAM operators tramed in 
their snecific applications and bperatibhs for a 
fraction of the cost Lr.vblved in company-operated 
training prbgrams. Singer Librascope, which spe- 
cifically seeks young, energetic drafters to be 
trained as detailers in computer-aided PCB appli- 
cations, obtained ybUhg CAD operators whose lab- 
bratbry training was closely m nitorr-" by cbin- 
P-iny employ.3es-thiis providii g the assurance 
that they were trained in a man:ner acceptable to 
the firm. As added benefits. Singer representatives 
also point to their participation in the selection of 
the trainees and the oppbrtunity to observe them 
over ah extended period of time. 

JPL representatives lo^Dk. on the training pro- 
gram as a first f*-;; in reducing the laboratory s 
dependence on the cbhtra^t drafting houses that 
traditionally perform -d the manual drafting func^ 
tion now being replace:! by CAD/CAM. According 
to the_manager of the Desij^n and Mechanical Sup- 
port Sectibh, the section h^s been able to accom- 
modate double its pr» vjous worklbad since the m- 
trodiiction of the CAD systems in 1981 and can 
a ^omplish m^ch of the work done by the contract 
- ^'^-s with a smaHer number of f^rmahehtly em- 
ployed CAD/CAM operacbrs. Furthermore, sinrr 
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the systeiiis themselves are extrenicly accurate 
tools; can increase productivity ^nd lower its 
i)ri('e structure by Hiring trained CAD/CAM oper- 
ators at entry-level salaries and passing 'ho sav- 
ings along to its customers; 

An added benefit from J PL's point of view is the 
fiiture pdtehtial of the trainees. All of those who 
were hired by JJM. accepted their posititms with 
the understanding that they v/ill continue their ed- 
ucation by pursuing 4-year ehgiheerihg degrees 
aiid eventually become part of the ongineering^e- 
sign staff in the section; In this way, JIM: hopes 
to achieve a number of long-terjn results: to pre- 
vent the CAD/CAM operators from becbrnirig sta- 
tic; to "hoiiie grow" new engineers who will liave 
:i working knowledge of GAD/CAM operations and 
,^ 'M^ n''quireinents; and to keep a cbhstarit flow of 
new CAD/CAM operators corning int^o the labor- 
atory by rephicing the older operators who have 
moved up to engineering design positions. 

Cnendale Community College, by obtaining the 
Coordinated Funding and Investment in People 
grants, now ha;? increased credibility at the State 
level, whi'cli niay, [a turn, holp the school to ob- 
tain additional funding for further innovative pro- 
gr'-.ms; Of equal import^?nce is the (SAD/GAM ex- 
perience gained by che drafting instructor during 
his su I nine r-lbrig upgrading prb|pram, which was 
reinforced by his delivery of the academic-year pro- 
:;ram. In addition, the college got the opportuni- 
ty to integrate compu*'""-aided design into its reg- 
ular drafting curriculuni—an opportunity that 
W(^uM 'aave bppn greatly deJayed had GCC been 
foi ced U) wait until it could c'^*air its own equip- 
ment. 

Benefits 'o the Private Industry Council and 
Gomputervisi .n were less taivgible, but were, nev- 
ertheless, significant. By acting as the broker 
bringing the major piuyer.: together ard develop- 
ing the Operating systci- >s that helped the program 
to succeed, PIC demon5;lrated that it could fill the 
needs of the cbrnrriurity at large while^ at the same 
time, setting the stage for a PIC-funded program 
preparing disadvantaged residents to become 
drafters whb cbuld then take ad \' ant age bf train- 
ing programs^oncentrating on CAD/CAM skills. 

The program also aided the__ Private Industry 
Council by reinicxing the PIC-built bridges be- 
tween t' ^ bbllegb and local mdu series and by dem- 
onstrating the pic philosophy in action, i;e;, t^ ic 
industrial .commitment and acad^'.tn'c training re- 
.SKurces can be cbrhbiried to benefit industries, 
H-hools, and p'^tentiul employees; Computer\'i^!on> 
by part icjj 3ling in a program sjw>nsored by JFL 
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and Singer, demonstrated its willingness to sup- 
port its customers in an innovative endeavor while 
also heljpihg tb prbvide thbse custbrriers with 
trained Computervision operators. 

Froblems/Solutions. — The necessity of conUens- 
irig the Cbmputervisibn cburses to fit the time 
frame of the college semester and the neied to sep- 
arate the classroom and laboratory segmeni s pre- 
sented ongoing problems. Although the Glendale 
students did have 12 weeks tb cbrriplete four 1- 
week Computer vision courses, students, who at- 
tend courses at one of Computer vision's customer 
training centers engage in ihtehsivt; 8-hbur-a-day 
Classroom ^nd laboratory work. In thv case of the 
mi-chanical design and printed circiit courses, the 
Glendale students received almost as much termi- 
nal time as a regular CbrnpUtervisibn customer; 
but in the case of the introduction to CADDS 3 
operatic si course^ the coverage was reduced from 
appro; .imately 40 hours to 10. 

1 1 s ho u 1 d al s o be n o ted t h|i v Corn put er vision rec- 
ommends that its customers" employees have from 
60 hours teiminal time (for d 3 Jailers) to 120 
hburs {for desigiiers) aftor they « '^'-^ the basic 
mechanical desigii course to thoroughly fainiliariz^e 
tl-^em with the system before they proceed to ad- 
vanced mechanical design. This, bf course, was im- 
possible for the Glendale students, who^ because 
cl time constraints imported by the i2-week semes- 
ter, had to proceed directly from the basic to the 
advanced cburse. 

While the first ^oup of students did feel 
that the classroom/laboratory sched'ile w:-s incon- 
venient, the students who are attending the sec^ 
ond cycle r.f tiie course do have a problem in that 
regard. Those who do their laboratory work at Sin ^ 
er Librascbpe rhust attend labs from 11^00 p.^i. 
to 2:00 a.m. because the system^s are jn constant 
use for^jroduction purposes during tb i\r3^ tvo 
shifts. This presents obvious difficulyies foi the 
second-cycle students but alleviates the pTol; r> 
noted by Singer employees during the first cycle 
of the program, when regular employees were bc- 
casibrially f breed tb work bvertime in order to 
make ud for the periods during which the termi- 
nals were used for training purposes: A similar 
p: bblern was rheritioried by sbrrie J PL employ ees, 
who had beisn accUst;orned use the terminals 
"dedicated" to training for production design 
.vork. 

A final prbblerr related tb th^ cburse structure 
is that the instructor occasir jally hnc difficulty 
filling tho mandatory 6 houro a wee^ of lecture 
time ;vi .h cbr.'ilr.ictive rhaterial. While the chalk- 
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hoiird demonslratibris of terminal operations ajid 
the peri-ahd-pafjer exercises were helpful to some 
oxteril. tht» itistriictor now feels that 4 hours. a 
week o\ ioctare and 8 hours of terminal time would 
be more appropriate for a course of this type: 

Whiie the instructor found ways to address 
some ot the above-mentioned problems in the sec* 
ond cycle of the program, others were less amena- 
ble 1(1 immediate sblution. The 10 hours original; 
iy devoted to the basic operations segment has 
been expanded to pO hours. To deal with the nrob- 
lem of excessive cins^rboiti^time^ t^^ 
assigned a term ptcu^^ct for the second cycle of 
trainees. 

/Vjs part of iHt^ projt^ct. students will write papers 
dealing with the advtintages and disadvantages of 
various CAD/(^AM systems for specific types of 
design work, such as mechanical, printed ciixuit 
board, f »-chitectural and piping. Each student is 
assigned an ih-dep/ n research project on a specific 
systeni for a specific type of application, arid the 
instructor has arranged for more field trips to en- 
able the students to see different systems in opera- 
tion. At the end of the course, the students will 
make ::'ass presentat^'ons on the results of their re- 
search, so i-hat the entire class wiU h';ve some ta- 
n-.:l'arity with a wide variety of sy^V ms and ap- 
plici;tio"ns. Because both . .rcles of the course were 
firmly locked in to the college's schedule by the 
time the difficult ^es a^;!^ociate>^ with the classroom/ 
laboratory ratin became apparent, it was riot pbssi- 
h\v to make the abiustment to the 4-hbUr lecture/8- 
hour lab format which the instvuctor believes 
would be the best long-cerin soiution to this prob- 
lem: , 

I.ack of adequate periods Mme .^or terminal 
practice between the basic and advanced mechan- 
ical design segmc- ts is a problen. ;vHich as yet has 
no solution in a course which is structured to fit 
into an acadeniic seiyiester. Even if the college ha^ 
a well-equipped labc-atory dedicated to . ainirig, 
it is unlikely that the SLudents couH have logged 
in 60 to 120 hours of terminal time- to fully no 
qujiint therriselves with the system before proce ' 
ing from the basic to tne ^^dvanced segrrierit or 
the cu\»^-3c. U should be nbted, hbwevor. that ..he 
sru.! ,-nts did have the opport'^nit ' to. work. on the 
terminals foi at least 20 hou. s a wee., duririg the 
worksiie training portion of the program. There- 
for ili H(u;:.:li tiiev may not have hvv.n able, to 
rn;ikr use ot the i:ermi:.:is at the. optimum period 
in the ir'arning process, thoy did have up to 200 
hours of experience bri the terminals in addition 
U) the lime spent in the lahovatory sections o ' he 
f(>:val course: 
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A final problem, brie rioted by Siriger represent- 
atives and by the Gleridale mstructor himself, is 
that— while the summer-long upgrading cburse 
provided the instructor with a grouridihg iri the 
eomputervision courses he ad apt own 
course arid a farmliarity with the work of the Sing- 
er and JPL departments the students would be 
working in— his trainirig was '^^Harely adequate'' 
to the task of trairiirig the students in advanced 
techniques. The major difficulty here was not with 
the abilities of the instructor, whb had years of ex- 
perience as ari iridustrial designer and a draftmg 
teacher arid is familiar witk the operation of 
another CAB/eAM system. However, while_ he 
was e :^aluated by both Singer and JPL repre- 
sentatives tb be fiilly cpmpe^.e^t in his field^ and 
an excellent teacher, he did not have enough "sys- 
tem time" on Goroputervisibri terriiiriEds to become 
thoroughly fariiiliar with all of the operati ns re- 
quired fbr both mechanical ^d PCB design. 

This problem has decreased as the iris tructbr has 
had more opportunity tb work bri the system him- 
self arid tb bbserve the types of difficulties his stu- 
dents rtm into on the terminals, and it cari reasbri- 
ably be . xpected to be bvercbriie eritirely with time 
and e>. ::>erionce. Because JPL aiid Singer designers 
were i rways on hand to aid thfi students with dif- 
ficult problems, the students did ribt suffer be- 
cau.-o of the instructor's lack of extensive ijroduc- 
tion experierice on the system. 



Evaluatibn of Present and Future Gapacity 

fn spite of the problems noted iri the^previous 
sections, the CAD/CAM operator training pro- 
gram can be rated as an overall success. The t\vb 
<5mployers have gained trairied employees who fill 
what they both terrii as a " void'^' in their occupa- 
tibrial structure, and both Singer and JPL pro- 
nounce themselves to be very pleased with the prch 
gra-n gt ^duates they have ^ jed^ The majority of 
the other graduates have obuained jobs; the col- 
lege has gained experience m teaching a CAD/ 
CAM course and hopes to be *:^le tb iritegrate it 
into its re^Tular cuniculumj ard ihe Private In- 
dustry Council has strengthen* J its position as a 
' broker" Srtween industry, acddemia, arid thb^e 
in need of trainirig arid jbbs. 

Mariy bf the problems cited, are in fact, are nor- 
mal - startap** difficulties associated with the irii- 
tial implementa' on of derhbristratibri programs 
with Hmited de^ lopment time-frames: The other 
problems— specificaiiy these involved in coMDrdiriat- 
ing the resom cPb nd schedules of the iridustries. 
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on the one hand, and the college, bri the other- 
are currently being addressed by PIC and the col- 
ibge arid require both iqng-range planning and flex- 
ilvie siiort-term adjustments to achieve a workable 
solution {see below). 

Perhaps more iriipdrtariL than the program's 
success in meeting its stated goals, however, is its 
value in demonstrating that industries and educa- 
tional institiitibris can work together to meet their 
individual needs and the needs ot the community 
with mutually satisfactory results. The present 
and future potential for the cooperative endeavor 
in high-tech rib logy traii^iirigim by the college 
CAD/CAM program and its sister high School pro- 
grain, along, with student and employer evalua- 
tions of the first cycle of the cbUege pnDgraril, are 
discussed in the following paragraphs: 

Employer Evainations.— Many of the employ- 
ers' reactions to the program arid to the stiiderits 
have beeri touched on in jjrcvious sections of this 
study. This section surrxnarizes and draws togeth- 
er the overziH response of the two employers who 
participat' ii as major spdrisdrs of the program. 

Siriger Lib rascope.-- Singer representatives 
interviewed— the marager of engineering and plan- 
ning, the supervisor of the cbriiputer-aided design 
department who oversaw the laboratory portion 
of the formal course and the worksite trainixig, and 
a PCB designer who worked closely with the stu- 
dents during the worksite training— all jielieve 
that the trainees did "a great job" are fully 
satisfied with the work and m >tiva:.jon bf the two 
tr-iinee-^ v/hb were eventually hired. Everi thdu^rh 
the th^rd trairiiBe cdUld not be hired for sec rity 
reasou s: the Singer emp:oyees said that he, too, 
did "very good work" arid that they would haye 
hired hirii had he beeri able to pass the security 
cUiarance. 

The supervisor of computer-aided design was ex- 
tremely direct in both his prgdoe arid Jus critid^^ 
df varidUs aspects of the program: He felt that the 
pt v>blem crericed for Singer in the case bf tJ ^ tr^Jn- 
ee V was unable tb get a security clearari ^ odiild 
have beeri a v dided if rridre time aiid effort had gone 
irito the initial screening: process. The classroom 
training, in his opinion, vas '*aclequate" but could 
have been ''more adequate"' if t^he GlendaJe in 
rUctdr had received a longer training co irse mm- 
\^ His final crituirin it? iWe urogram v;as that, 
> the trainees got a gddc basic taste"' of 
C AL»/ 3 techriiquej5- the instructii^n would have 
served S-ng; :r*s purposes better had it been "more 
focnseci ■ on printed circuit board design. 



bri the other hand, he recognized the instructor s 
problem of having students who would eventual- 
ly be working in two different apphcaticris (riie- 
chariical arid PCB) iri the^ame class and believes 
that some pounding in jnechanical design tech- 
niques IS necessary, for PCB detailers. 

Dvercbming all bf his criticisrii df the program, 
hdwever, was the fact that the two trainees who 
were hired were, first of all, precisely the type bf 
employees he was seeking (young, iritelligerit- arid 
highly riidtivated) aiid, seep ndly, were tailor- 
trained to meet Singer s specifications. TJhe pro- 
gram was especially va< A' ble from Singer's point 
bf view in that it trained ^'tuderits who had draf^^ 
irig experience btit^wh not have previous com- 
puter-r'isd design experience; they therefbre did 
not he . to /'unlearn imprbper or uriprdfessiorial 
techriiques" dr techriiques'specific to^ another in-, 
dustry or another CAD/eAM system. Six of the 
trainees in the second cycle of the program are nbw 
receiving laboratdr7 training at Singer Librascope, 
arid the C^T? ui^pervisor hopes to hire four of 
them: _ 

Jet i i'ociil.^'oc. Laboratory.— Representative^ 
iritervievverl included the manager of the desiprn 
and mechanical support section and the techn w-al 
group supervisor for cbriipUter-aided design. Be- 
cause the CAD/CAM dperatdr training program 
was conceived and fostered by PiC iwhich is 
chaired by the JPL sectibn mrn^ger), JPL's eval- 
uation rnay be partially perceived as a parenj;'s 
repdrt df his child's progress: Gn the other hand, 
the section manager, being very much a business- 
man as well as a ?cieiitist, is cdriiriiitted td seeiL;; 
2 returri on K--:? irivestmerit in^he trainees, and to 
hiring employees whose work meet? the standards 
of precisioii required in the aerbspiace iridustry. 

Another facto: ib be cdnsidered in 
tidri is its philosophy of community participation 
and its approach to employee trailing. The Jet 
Prbpulfjibh Labbratoiy is the largest employer in 
the Gleridale area, ^d its managerial employees 
have iriiplemented their sense of commitment to 
the comrnunitj' by ' '^.^ Ang bri the bdard df educa- 
ti jri, eduj^atidrial lask forces, and organization^^ 
like the Private Industry Council: 

JPfs participation in the CAD/CAM trairiijig 
prbgrairi, therefore, was motivated riot onl^^^ its 
liced fdr trairird operators but by its desire to in- 
crease w»o cc' .ege's locus on high-technblb^ train- 
ing so that I le schbbl cbuld better fiei ye the needs 
df ^oth the j-jdustrial cdmniunity arid the residents 
'if Giendaie: Integral to "his approach is the ho- 
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tion that industry sHbuld cbrrimuriicate its pe^^ 
spective to educational institutions and work with 
them t() address edacational needs.* 

Aside fibm attempting t-* strengthen iridustry- 
educatibn linkages in the community at large, the 
design and mechanical support section manager 
has institutionalized upgrade training for all of the 
employees in his section. Forty hours a year of Up- 
grade training for each employee is built into the 
cost structure of the section, and completion of 
that training IS an important factor in each em- 
ployee's yearly appraisal. This jprocedure. which 
is in essence a mandate that every employee con- 
tinuaiiy upgrade his or her skills, was instituted 
at approxirnalely the same time that the CAD/ 
CAM equipment was in stalled in the ssction and 
grows out of the manager's perception of the need 
for engineers and support personnel to keep up 
with the dynamic advances of the computer-aided 
tools of their profession. 

The J PL representatives who pjarticipated in the 
selection of the trainees for the CAD/CAM^bpera- 
tbr prbgram therefbre looked for applicants who 
wei e Jiighly motivated and indicated a^ desire to 
continue their education: and ^^'^ five trainees 
hired by JPL were thbse . jvation both 

to wbrk at tjie lab s^d * j; ntinu neir educatLoji 
was most appaxen noted previously, JPL 

sought trainees who \vbuld eventually ber'^'' . ful: 
ly fledged desigii engineers— whoir* the cr 
\. oiild proyicle with sophisticated entr>'-level skills 
and who had potential for rareer grbv-th. 

When interviewed halfway- tiir^ngh the vvorkf?i te 
training period, JPL rep rei^en tat: ves were well- 
satisfied with the work, the inctivation, ani' the 
potential for success bf all eight tvmriees. At the 
end bf the wbrksite training, the five trainees with 
the strongest desire to pursue eagineering degrees 
were hired. Two months after they were hired as 
full-time emplbyees. they were, accor^ 
sectibh's CAD s;,pervisor, "doing very well'' and 
continued to be enthusiastic and mbtivated. Tin 
trainees in the second cy^cle are ribw ieceiving 
labbratbry trmnihg at JPl, (eight fror;. the Coor- 
dinateU Funding Project ^nd two h>nded by In- 
vestment inJPeopk^j. 

Student Evaluations .—Iridjviyual Interviews 
were held with five session I graduate*^— the two 
graduates hired by-Singtr Li^rascope tind three 
of those hired by JPL. The students .vere uniform; 
ly pbsitive abbut the instructor, appreciative of the 
experience they had received, and enthus -3tic 

•JIM., which is pn cutffrowth of ar educuLi(m_aU;>_«UtMt-»Pv» P>JA__''_*^'vt_ 
br,..,bte.s like a company, is perhar* uniquely structured to '"-at^ the 
academic- industry linkages ill-^ntraLcd by the CAD/CAD i „Tan.. 



about the current work. All of the students gave 
the instructor ah excellent rating, arid some added 
that he was brie of the best teachers tte^ 
worked with. They specifically noted his ability to 
provide clear and cbn9ise explariatibris; his atteri- 
tibn tb detail; his wilUrigriess to pro^dde persona^^ 
ized assistance; and his patience and dedication. 

While ail of the students rated the course cbn- 
tent highly, the new Singer hires wbuld have pre- 
ferred riibre class- and lab^^^ 
printed circuit board design. The other problem— 
one mentioned by the ins tructbr himself arid all of 
the students iriterviewed —was the ratio of class- 
room to laboratory time. While most of the stu- 
dents found tite 6 hoiors of lecture per week helpful 
in the beginning of the cbiirse, all stated that more 
lab arid less lecture would have been more appro- 
priate during the second half. Two students not^ 
that the small size of the class resulted in specific 
beriefits: persbriaHzed iristnictibn an environ- 
riierit that encouraged the students to help each 
other to explore a variety of desig-n techniques. 
Others mentibned that the iristructibri^d material, 
especially the Cbriiputemsion workbook, were ex- 
cellent and that the class projects were especially 
helpful as iearning experiericeG. 

Although many bf the scuderics were required 
to travel long distances— both to the college from 
their homes and between the college arid the lab- 
oratory sites— only bne rheritibned trayeUng as a 
probleriD. Nbrie of the students felt that the tirre 
lag between the classroom lectures and the lab- i- 
atory practice sessions created undue diificultier . 
All of the graduafes stated that thejaboratcr^^ 
pArierice was the most beneficial aspect of the pj : 
gram— not because the lectures were not gbbd^ but 
because of th^ necessity to cngag'v^ in hands-oci 
practice bn the equijjnijsint^^T^ JPL stu- 

dents specifically mentionea che helpfulness of 
JPL employees during the labbratbry sessions. 

When, however, the students we^^^^ 
preferre^rl the colle^e-classroom/industry-lab-site 
set-up to situation in which the lectures arid lab- 
oratory work could have been ceritrfiJ.ized in o^^ 
Ibcatibri, all but b;ie saidthat it would have been 
prpferable ihzt iue equipment be located at the col- 
lege. The disser. :ng student (brie bf the few who 
had nbt had f ous iriduytri,^ experience) -aid 
that the indU5 environment provided hiin v^i ' h 
a greater incen tr. o to work harder and Isarn riicre 
than V ou/d have been pbssibli ^r. a classroom en- 
virbriment. All of the students, on the ether hand, 
felt that the 7 co 16 weeks of woiksite experience 
after the forxnal coursewbrk was extremely valu- 
able, pririiarily because they were given "real" 
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work rather than make-work and because it gave 
them; an opportunity to learn about the specific 
working procedures of th^ two industrial labora- 
tories. ' ' \ - 

All of the students expresKed their intenijon of 
contihuihg their education at 4-year colleges or 
Universit»> One plans to pursue a mechanical en- 
gineering uegree, and the others intend to work on 
degrees in industrial design. 

Present Prid Future CAD/CAM Training Gap^ci- 
ty of Glendale Commauity CollegeV--At the com- 
pletioa of the first cycle of the CAD/CAM pro- 
gram, Glendale College, as tlie program operator, 
had met most of the objectives set out by the Coor- 
dinated Pjiinding sponsors. The college, with thie 
help of PIC and the sponsoring companies, had 
operated a vocational training program that met 
the needs of srK>cific local employers; had involved 
the employers and **bther appropriate entities" 
(PIC £Lhd Cbmputeryision|in planning, design, and 
implementation; and had provided the participants 
with effective job skills training and cqntinuing 
employment with career advancement potential; 
The final objective of the Coordinated Funding 
Project— to incorporate the resulting curriculum 
into ong Ing coil^-i^e vbcatiorial education pro- 
grams —has provfid to be more difficult to accom- 
plish. _ J 

Gperating a program cbmbihihg classroom and 
worksite trajnirig produced a number of beneficial 
results, noc the kast of which were the availabili- 
ty of state-of-the-ai t equipment at the industry 
«5'les and the bppbrturiity giveri to the trainees to 

cclimate themselves to an industrial environ- 
ment. The use of industrial labs and the instruc- 
tor upgrade trair provided by pjpject funds en 
abled the college to demonstrate its effectiveness 
in training vocational education students tb meet 
industrial needs. The exparisibn of the prog^^ 
under Investment in People funding also demon^ 
strated that the college could serve as a resource 
for traininr existing industrial employees as well 
as v-ntry-level candidates^ 

The cbllege. however, ?s painfully aw^e of the 
possible 'self destructii'xg" nature of a CAD/CAM 
program orieraied by a .ol with iio equipment 
of its bwn. By the^nd of the second cyxle of the 
program, both Singer iihrascope and JPL will be 
"satoiated" with CAD/CAM bperatbrs^aUeast 
for the present. In order to keep the program run- 
ning, and to truly incorporate it into the ongoing 
curriculum of the coUego, GCC will have tb find 
( ;iier sources of equipment. 

This pbteritlal problem was apparent Jrom the 
inception of th ^ nr.wam, and both PIC and the 
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coiiege's director for special projects have been ac- 
tively working oh a sblutibri. CbUege representa- 
tives believe that the le^st promising solution in 
the long run is to assume that they will be able 
to perpetuate the program indefinitely by relying 
completely bri industry labdratories for t^ 
oh pbrtibn of tlie training. They are, conc^queht- 
iy, exploring t^he possibility of obtaining donated 
or reduced-price equipmeht tb be installed at the 
cbllege tb be ysed Jor the training of regularly 
enrolled drafting and design students and for bper- 
ating up^ade prog: nis fbr industry^* 

Technical Training Center^— Another possibil^ 
ty. one which now looks extremely promising, is 
the creation of a centrally located technical train- 
ing center, supported by local industries, schoois, 
and agencies and outfitted with equipment to au- 
dress a wide variety of 'high tech" skills including 
CAD/CAM, computer repair, gmd word processing. 
The center— which until recently was little more 
than r aved of by the chairman of the 

Priv.9 "^ounc.;!— is rc v beginning td 

look - "J^'bme a reality. 

A 2 . losf d jmiior iiigh sch- o! ir. G endale 

V ;5uld i the siu5?; educatibn arid Kusiness 

leadevs'ahd local ^rbverriiiierit officials have i 
mally agreed on the concej^t; and a major producer 
of CAD/CAM equipii:?ent lias expressed interest m 
the possibility of dbn>?ting equipment The current 
thought is that the f acilities vynuld be shared by 
all of the schools in the district and would bperece 
on a three-shift schedule, allbwirig for three. 3V2- 
hour teaching units in each subject per day. Ai- 
thbugh such a center .Todd be challenging to ad- 
minister mid maintai-i, ai^d althbugh students 
would still have tb travel to ]/:^boratory sessions, 
the prbblems noi^ previously with regaru to coor- 
dinating production and training use of industry 
equipment would be solved, arid the coUege would 
have access tb the equipment it needs to continue 
its CAD/CAM coarse and to expand into related 

areas. _ 

Future Pbleritlal.— Glendale^ College vocational 
education instructors and administrators believe 
that a cmcial element the college's futUre potent 
tial to operate vbcatibri£Q eo ^catipn programs is 
the ri^i'airiteriarice f»nd expansion of the communica- 
tion ^'chsjinel with local industrici:, established 

•In mid May 1983, the College rtiado the dMision_tomntuiu_e the CAt^^ 
CAM tr Dining program through June 198 I, fundedjwn»h_regu_lar district 
funds. The lecture portion will remain at '-he.coll^eJi\he^ld3_wprk 
be conducted in the private sector at late night and earJy_moniing hours. 
In bdditiori, the college aditlnistraUon.ia now developing a foundation 
which will be able to borrow raoney_tP_t'e 'ised, in pt^■t^ to build ne»-- 
laboratories to house ths equipment and to cover equipment 
maintenuhce cost'j. 
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through. sucH means as the schoolX A^sO'j'^:^^^^ 
with PIC and the Coordinated Funding and Ih- 
vostrnent in j^eople projects. 

'i'ho open channel to industry representatives is 
seen as necessary for a variety of reasons. Glen- 
daJe representatives believe that colleges are 5 to 
Id years behind industry in technical expertise and 
sbphisticatibri of equipment; and they look on in- 
dustry a resource for instructor up, jading, in- 
formation about new industrial advances arid hir- 
ing requirements, arid riiaterial arid equipment to 
implement new courses. 

The coHege drafting instructor, for example, be- 
lieves that within the next few years riiechariical 
and architectural drafting progra^^ that do not 
incorporate compnter-aidcd design will not be 
achieving their major goal, which is to prodace job- 
ready graduates, iri -eturri for industry support, 
the Vocational education ;^ ision of the collegers 
committed tr institute whomever ongoing chariges 
are reasonable arid necessary to meet ind us trial 
needs arid to serve as a training resource for local 
industries: 

Although the college's present capacity to teach 
programs iri cdrriputer- aided designjirid tnanufac- 
turii:g^ is limited by its almost complete lack of 
equipmeni, the bridge-building activities of the 
past 4 years (participation iri PIC programs and 
represer/tatiori ori the PIC board, recruitment of 
industrial representatives for college advisory 
ccmnutt^s, and participatibri in prbgr^^s the 
Cbbrdinated Fu^Uing Project) seem destined to 
bear fruit in the near future: Local industries that 
have benefile/.' from CETA trairiing prbgr arris 
operated by the college ribw donate matenal, 
equipriient .^iiU funds: The success of the eoord^ 
naied Funding Project demonstrated the cbllege's 
ability and may bring riiore iridustrial A^i^'^rt. 
bptn rribre industrial labs, and help the school to 
win more State funds. 

the i>. escment in People graiit, _wh^'•^ aJlbwf.d 
the schbb! . ■ ^xbarid the CAD/CAM operator pro 
gra ^-:^ but one example of "he college's r)Oten- 
:.ici to hand on the achteveinents gairied through 
working with local iridusti js arid agencies. More 
receritly, the coilege was chosen as one of the possi- 
ble west coast sites for the General Motors/United 
'iuto Work^^TS retraitriihg prbjects. The jpfogfam 
pivjpbsed by GCC— a year-long electronics techrii- 
dan course— has t een uccep :^d in concept and will 
be irnplej-ncnted if it proves feasible fbr 20-laid off 
G'aI workers tb either relocate to or travel to < ileT^i- 
dale for the length of time it would tzdie to com- 
plete the course: 



The synergistic relatibriship between the college, 
the Private Iridustiy Couricil, arid the City of G^^^ 
dale is a niajor key to th^ college's future pbtenr 
tial; Pie has engaged the support of its bbard 
members to aid the cbllege iri bbtairiirig equipment. 
This, iri itself, becbriies a very powerful resource 
because of the stature of the industries— including 
J PL, ITT, Pacific Telephone, arid barikirig arid fi- 
nancial prgariizatibris---repre^^^^^ on the PIC 
board. Whether the final result of the effort to 
build GCC's equipment iuid laboratory resources 
talces the shape bf a trairiirig ceriter to which the 
cbllege has access^ or laboratories located on the 
college campus, the partners in the school-city-PIC 
relationship seem cbmriiitted tb riiakirig pse bf 
whatever equiptrierit is obtained to serve the 
broadest possible constituency: _ 

The Glendale Private Industry Council.— While 
the forma! rple pj'ayed by PIC in the bperatibn of 
the CAD/CAM operator program was relatively 
minor, the importance of the Private Industry 
Council as an informal brbker betweeri educational, 
industrial, arid gbyeniinenta' organizations cannot 
be overestimated: The idea for the CAD/CAM 
operator program originated with the PIC direc- 
tor arid chairriiari; the PIC chair secured the coop- 
eratibri of his own organization (.TFLj; the PIC di- 
rector enhsted Singer Llbrascope and Computer- 
vision; arid the PIC staff assisted iri^ placing the 
cycle I graduates who ^vere not hired by the par- 
ticipating feras- - - 

Although PIC's formal riiaridate is tb operate 
trairiirig pi c rrairio for stru^ unemployed 
and displaced workers, the philosophy of the Glen- 
dale council eni^ompasses a much wider sphere bf 
activity than the direct bperat^iop J)f gqyemment- 
furided traimng and employment piograms. inte- 
gral to that philosophy is the creation of linkages 
between the industrial arid educatibrial cbriinlittees 
tb eriharice the activities and resources of each and 
to serve th community as a whole. 

In light of this philpsbpHy, the rble bf the brbker 
is prof bu rid, especially when brie cdnsideris the dif- 
ficulty of creating matches between thf* two ends 
of the iabor market spectrum: bn one end, technb- 
logically oriented iridustries requiririgriiany wor^^ 
ers tb have ever-more sophisticated entry-level 
skills; and, on the other end^ the structurally un- 
employed,* who may have few wbrkplace skills, 



•StrucLurally unornpioycd individuc^s are those whose »Hiiuatibri re- 
flects long-t* rm chanf.es in economic conditions, in contrast to the 
"cycHcaiiy unemployw:'" wh(< are pcribciically witHout work due to ahort- 
Lcrm changes in the general economy. 



and displaced workers, who may be only semi- 
skilled. 

Ocpupyin^ the vast middle ground are colleges 
lind High .schools requiring assistance to update 
their curricula and upgrade their instructors so 
they can assist in the job training process; woricers 
with outdated skills who do not meet the Federal 
^poverty guidelines and are therefore ineligible for 
fedoraily funded programs; and firms whose work- 
ers require upgrade training but which may not 
have the resources to provide that training iri- 
house. By taking the broad approa^ch and making 
the most of its formal and informgd channels of 
coriiriiuriicatibh betweeh all of the sectors of the 
comniunity. PIC hopes to have a pervasive effect 
whiclr in the long run, may create that match be- 
tween industry 's high-tech needs arid the structur- 
ally uribmplbyed. 

At present. VIC is working on a iiumber of 
fronts, which, when brought together, may enable 
it sinuiltariebusly to serve the needs of high-tech 
industries and the structurally Unemplbyed. Al- 
though the CAD/CAM operator program did not 
serve the structural-y unemployed, it did serve 
sbriie displaced workers arid sbrrie who were belbv/ 
the poverty level: It also strengthened the college s 
training capacity and aided local indnr :. ; is: In acl- 
ditibn, the CAD/CAM prpgi^arii demonstrated the 
feasilylity of bringing the various^ participaiits 
together to create a successful high-technology 
training program and set the mecLani^^Ti piv<ce 
for expanding it. 

This t3'pe of activity— working both formally 
and informiilly to strengthen various segments of 
the educatibri arid training systerii arid coxiceritiL.t- 
ing on strengthening the links between the seg- 
ments— illustrates another tenet of the Glendale 
PIC philosophy, characterized by the following 
.statement by the PiC chair: 'T.iere's a need tb rec- 
ognize that nothing is static - once you get into it, 
you'v^^e got to be willing to move. 'The way weVe 
dbrie that is tb address needs that are peciiJi'^r arid 
partij!ular to inriustry now. and we ask indii«i,ry 
to fonjcast needs downstream, so we can be ro :dy 
to '^ir our training pr^^rams to be ready ao t!ie 
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tirrle that the rieed exists. My iriipressiori is that 
industry loves it if they^re mcjuded and that school 
systems are now put in the position of preparing 
students for the real world. They're b^giririirig to 
realize that they're both part bf it arid that the 
responsibility is a shared one:" 
I To further strengthen education's knowledge of 
liridustry, PIC is working tb ericburage Vocal 
schools to substitute^ a work experience program 
if or the traditional sabbatical leave for instructors 
and to provide appropriate promotion credits for 
.such a program. Tb iricreas^^ 

of the capacities of educational institutions, PIC 
encourages companies to look on vocational educa- 
tibri teachers as a trairiirig resource arid_to cbri tract 
' out in-house training to the colleges^* 

This system, according to the PlB chair, would 
cost the cbmpariies less than iri-house trairiirig arid 
would strerigtheri the schbbls' capacity to prbvide 
industrial-ievel technical training: While this no- 
tion would not necessarily work for all types of 
trairiirig iri all coriipariies, it is likely tb wbrk in a 
number of instances if well -man aged and proper- 
ly_d8sijpied. _ _ _ 

The CAD/CAM opera tor program illustrates 
t industry-x^du(^atibri cbbperatiye trsdriirig eii^ 
deavors can succeed, in spite of the difficulties that 
inevitabJv occur. The problem now facing Glendale 
Cbrriixiuriity Cbllege— how tb coritiriue the cburse 
v:^l)en the two industrial sponsors are saturated 
the equipjnent question is_still up in the air— 
grav nically illvstrates the PIC chair's statement 
i,hat ''nothing is static." PIC arid the college, hbw- 
e'. er, are ready to move— either to move to other 
♦.bmpanies to keep the program running until a 
perrciarierit sblutibri can be fourid, or cb i^cquire 
equipment or establish a training center: Thii^^' type 
of ir^novative approach to CAD/GAM training, 
which relie.s bri mutual cooper a tibri while recoj Siz- 
ing that ^;ircimistarices change arid resbiirce?j are 
K mi ted, ^r-ay not be guaranteed of certain success, 
but it is riibst certainly well v brth the attfn.po. 

* In lujiny . usus. t hi.. v. - iuld Invo^^'p provitUh^ industrial iio^hde triiiri- 
irijir to I ho teachers. «s dont* in thi' ca.^"" of Ir" (I'.'C in.slructor. 
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The Gffice of Technology Assessment (GTAj was created in 1972 
as ah /analytical arm of Congress. OTA's basic function is to help legis- 
l^t^^f poU pla|i_for the consequ^^ 

nological changes and to examine the many ways, expected and 
unexpected, in which techholo^ affects people's lives. The assessment 
of te<?hholb^ calls for exploratibh of the physical, biological, ecdribmic, 
sqcifid, and political impacts Jihat canj;esult from^ applications of scien- 
tific knowledge. 0TA provides Gongress with independent and time- 
ly ihformatibh about the potential effects— both beneficial and 
harmful— bf techriblbgical applications. 

Requests for studies are made by chairmen bf standing cbmmittees 
of tjie House of Representatives or Senate; by J;he Technology Assess- 
ment Boards the governing body of GTA; or by the Director of QTA 
in consultation with the Board. 
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resburces; health; cbmiriuiiicatibh arid iriformatibri technplbgies; oceans 
and eriviroriment; and science, transportation, and innovation. 
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